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1. General remarks

The reaction substrates diorganyl diselenides and disulfides (1b, 1c, 1d, 1e, 1f, 1g, 1h and 4e) were
synthesized according to literature methods.’4 Water-soluble ligand PEG-1500-PyTa, PEG-2000-PyTa
and PEG-5000-PyTa were synthesized according to our previously reported method.™ Other chemicals
were commercially available and used as purchased. All *H, 3C and ""Se NMR spectra were recorded
on a Bruker ADVANCE 111 500 MHz spectrometer in deuterated solvents with tetramethylsilane (TMS)
as internal standard. The "’Se NMR spectra were obtained with diphenyl diselenide (5 = 461 ppm) as
external standard. All *F NMR spectra were obtained on a Bruker ADVANCE NEO 400 MHz
spectrometer in deuterated solvents using CFCls (6 = 0 ppm) as external standard. High resolution mass
spectrum of 5gu was recorded in the EI mode on an Agilent 8890 GC coupled with a 7250 Q-TOF
mass spectrometer. Melting points (uncorrected) were determined on a BUCHI M-565 apparatus.
UV-Vis spectrum analyses were performed on a Shimadzu UV-2600 spectrophotometer. TEM analyses
were performed on a FEI Tecnai G2 F20 S-Twin microscope. Gas chromatography (GC) analyses were
performed on a Shimadzu GC-2010 Plus instrument with FID detector using a Shimadzu SH-Rtx-5
capillary column (30 m x 0.32 mm (i.d.), 0.25 um). Flash column chromatography was performed on

silica gel (200-300 mesh) with petroleum ether/ethyl acetate as eluent.

3. Characterization data for all synthesized arylselenides and arylsulfides
Note: The synthesized arylselenides and arylsulfides except for 5gu in this paper are known

compounds.

o0,

4-Methoxyphenyl phenyl selenide 3aal®: Yield: 96% (101 mg); Yellow oil; *H NMR (500 MHz,
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CDCls) 6 7.40-7.39 (m, 2H), 7.33 (dd, J = 7.7, 1.3 Hz, 1H), 7.27-7.19 (m, 5H), 7.06 (td, J = 7.5, 1.8 Hz,
1H), 2.39 (s, 3H) ppm; 3C{*H} NMR (125 MHz, CDCls) ¢ 159.9, 136.6, 133.3, 131.0, 129.3, 126.6,
120.1, 115.3, 55.4 ppm; "’Se NMR (95.5 MHz, CDCls) § 419.69 ppm.

SAGR

4-Methylphenyl phenyl selenide 3abl®: Yield: 94% (93 mg); Yellow oil; *H NMR (500 MHz, CDCls)
o 7.41-7.39 (m, 4H), 7.25-7.19 (m, 3H), 7.0 (d, J = 7.9 Hz, 2H), 2.32 (s, 3H) ppm: 3C NMR (125
MHz, CDCls) ¢ 137.8, 134.0, 132.2, 132.1, 130.3, 129.3, 127.0, 126.9, 21.3 ppm; ""Se NMR (95.5
MHz, CDCls3) 6 424.97 ppm.

0

Diphenyl selenide 3ac'®: Yellow oil; *H NMR (500 MHz, CDCls); ¢ 7.47-7.45 (m, 4H), 7.26-7.25 (m,

6H) ppm; ¥C NMR (125 MHz, CDCls) ¢ 133.1, 131.3, 129.4, 127.4 ppm; "Se NMR (95.5 MHz,

CDCls) ¢ 421.37 ppm.

Saeu

4-Fluorophenyl phenyl selenide 3ad®!: Yield: 93% (93 mg); Yellow oil; *H NMR (500 MHz, CDCls)
5 7.47-7.44 (m, 2H), 7.38-7.35 (m, 2H), 7.29-7.27 (m, 3H), 7.24-7.21 (m, 2H) ppm: 3C NMR (125
MHz, CDCl3) 6 162.7 (d, J = 247.7 Hz), 135.8 (d, J = 7.9 Hz), 132.4, 131.8, 129.5, 127.4, 125.3 (d, J =
3.4 Hz), 116.7 (d, J = 21.6 Hz) ppm; 7Se NMR (95.5 MHz, CDCl3) & 418.44 ppm: 1°F NMR (376

MHz, CDCls3) 6 -113.98 ppm.

o,

4-Chlorophenyl phenyl selenide 3ae®!: Yield: 97% (104 mg); Yellow oil; *H NMR (500 MHz, CDCls)
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S 7.50-7.48 (m, 2H), 7.41-7.39 (m, 2H), 7.32-7.30 (m, 3H), 7.28-7.25 (m, 2H) ppm; *C NMR (125
MHz, CDCls) § 134.2, 133.6, 133.3, 130.8, 129.7, 129.6, 127.8 ppm; ”’Se NMR (95.5 MHz, CDCl3) 6

415.05 ppm.

g,

4-Bromophenyl phenyl selenide 3afl®: Yield: 91% (114 mg); Colorless oil; *H NMR (500 MHz,

r

CDCls) & 7.47-7.44 (m, 2H), 7.37-7.35 (m, 2H), 7.29-7.26 (m, 5H) ppm; 3C NMR (125 MHz, CDCls)

5 134.4, 1335, 132.5, 131.6, 129.6, 129.3, 127.9, 121.6 ppm; ""Se NMR (95.5 MHz, CDCls) 6 420.18

ppm.

o,

Phenyl 4-trifluoromethylphenyl selenide 3agf®: Yield: 93% (112 mg); Yellow solid, m.p. 59-62 °C;

3

IH NMR (500 MHz, CDCls) & 7.58-7.56 (m, 2H), 7.43 (q, J = 8.5 Hz, 4H), 7.38-7.32 (m, 3H) ppm; 3C
NMR (125 MHz, CDCls) 6 137.9, 135.0, 131.2, 129.9, 128.9 (q, J = 32.7 Hz), 128.8, 128.7, 126.0 (q, J
= 3.7 Hz), 124.3 (g, J = 272.0 Hz) ppm; ""Se NMR (95.5 MHz, CDCls) 6 463.50 ppm; °F NMR (376

MHz, CDCls) ¢ -62.54 ppm.

r OY

4-Acetylphenyl phenyl selenide 3ahl®l: Yield: 94% (104 mg); Yellow solid, m.p. 59-63 °C; 'H NMR
(500 MHz, CDCls) § 7.79-7.77 (m, 2H), 7.60-7.58 (m, 2H), 7.40-7.33 (m, 5H), 2.55 (s, 3H) ppm; C
NMR (125 MHz, CDCls) ¢ 197.4, 140.4, 135.3, 135.2, 130.4, 129.8, 129.0, 128.7, 128.6, 26.6 ppm;

77Se NMR (95.5 MHz, CDCls) 6 433.11 ppm.
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Tl

o]
4-Methoxycarbonylphenyl phenyl selenide 3aif®!: Yield: 95% (111 mg); White solid, m.p. 69-72 °C;
IH NMR (500 MHz, CDCls) 6 7.88-7.86 (m, 2H), 7.59-7.57 (m, 2H), 7.39-7.33 (m, 5H), 3.89 (s, 3H)
ppm; 3C NMR (125 MHz, CDCls) 6 166.9, 139.8, 135.1, 130.5, 130.3, 129.8, 128.9, 128.6, 128.4, 52.2

ppm; ”’Se NMR (95.5 MHz, CDCls) 6 431.88 ppm.

Q.

4-Nitrophenyl phenyl selenide 3ak!®: Yield: 92% (102 mg); Yellow solid, m.p. 56-58 °C; 'H NMR

2

(500 MHz, CDCls) 6 8.03-8.01 (m, 2H), 7.46-7.43 (m, 2H), 7.41-7.39 (m, 3H), 7.36-7.33 (m, 2H) ppm;
13C NMR (125 MHz, CDCls) ¢ 146.3, 144.1, 136.0, 130.2, 129.8, 129.5, 127.3, 124.1 ppm; 7’Se NMR

(95.5 MHz, CDClz3) ¢ 445.16 ppm.

©/89\©
2-Methylphenyl phenyl selenide 3all®: Yield: 96% (95 mg); Yellow oil; *H NMR (500 MHz, CDCls) 6
7.40-7.38 (m, 2H), 7.33 (dd, J = 7.8, 1.3 Hz, 1H), 7.28-7.19 (m, 5H), 7.06 (dt, J = 7.5, 1.8 Hz, 1H),

2.39 (s, 3H) ppm; 13C NMR (125 MHz, CDCls) & 140.0, 133.8, 132.9, 131.9, 130.9, 130.4, 129.5, 127.9,

127.3,126.9, 22.5 ppm; 7’Se NMR (95.5 MHz, CDCls) & 380.16 ppm.

F
2-Fluorophenyl phenyl selenide 3amf®!: Yield: 93% (93 mg); Yellow oil; *H NMR (500 MHz, CDCls)

8 7.53-7.51 (m, 2H), 7.33-7.28 (m, 3H), 7.26-7.21 (m, 2H), 7.06 (td, J = 8.5, 1.3 Hz, 1H), 7.00 (td, J =
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7.6, 1.3 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) § 161.1 (d, J = 243.7 Hz), 134.2, 134.0 (d, J = 2.7
Hz), 129.6, 129.3 (d, J = 7.6 Hz), 128.8 (d, J = 1.6 Hz), 128.1, 125.0 (d, J = 3.5 Hz), 118.7 (d, J = 22.0
Hz), 115.6 (d, J = 23.1 Hz) ppm; ”’Se NMR (95.5 MHz, CDCls) § 351.05 ppm, °F NMR (376 MHz,

CDCl3) 6 -103.90 ppm.

Cl
sae
2-Chlorophenyl phenyl selenide 3an®l: Yield: 95% (102 mg); Yellow oil; *H NMR (500 MHz, CDCls)
6 7.62-7.60 (m, 2H), 7.40-7.31 (m, 4H), 7.0 (td, J = 7.6, 1.6 Hz, 1H), 7.00 (td, J = 7.6, 1.4 Hz, 1H),
6.961 (dd, J = 7.9, 1.6 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) ¢ 136.2, 134.0, 133.7, 130.9, 129.9,
129.6, 129.0, 128.1, 127.44, 127.43 ppm; "Se NMR (95.5 MHz, CDCl3) & 417.00 ppm.
©/Se\©/
3-Methylphenyl phenyl selenide 3ao'®: Yield: 95% (94 mg); Yellow oil; *H NMR (500 MHz, CDCls)
6 7.46-7.43 (m, 2H), 7.32 (s, 1H), 7.27-7.24 (m, 4H), 7.16 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 7.5 Hz, 1H),
2.30 (s, 3H) ppm; °C NMR (125 MHz, CDCls) § 139.3, 133.9, 132.9, 131.5, 130.8, 130.4, 129.4, 129.3,
128.4,127.3, 21.4 ppm; "’Se NMR (95.5 MHz, CDCls) 6 424.33 ppm.
©/8e©/F
3-Fluorophenyl phenyl selenide 3ap!®: Yield: 91% (91 mg); Yellow oil; *H NMR (500 MHz, CDCls)
0 7.34-7.30 (m, 2H), 7.22-7.17 (m, 3H), 7.09 (d, J = 7.4 Hz, 1H), 6.91 (t, J = 8.1 Hz, 1H) ppm; 13C
NMR (125 MHz, CDCls) § 163.6 (d, J = 206.2 Hz), 134.3, 133.9 (d, J = 6.9 Hz), 130.5 (d, J = 8.1 Hz),

129.8, 129.7, 128.2, 127.6 (d, J = 3.0 Hz), 118.9 (d, J = 22.6 Hz), 114.1 (d, J = 21.2 Hz) ppm; "’Se

NMR (95.5 MHz, CDCls) § 431.59 ppm, *°F NMR (376 MHz, CDCls) 6 -111.81 ppm.
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3-Chlorophenyl phenyl selenide 3aq®: Yield: 93% (100 mg); Yellow oil; *H NMR (500 MHz, CDCls)
6 7.53-7.49 (m, 2H), 7.39 (t, J = 1.8 Hz, 1H), 7.32-7.27 (m, 4H), 7.22-7.15 (m, 2H) ppm: °C NMR

(125 MHz, CDCls) 6 135.1, 134.1, 133.6, 131.9, 130.4, 130.3, 129.9, 129.7, 128.2, 127.4 ppm; "'Se

NMR (95.5 MHz, CDCls) J 431.76 ppm.

Q&J@
2,6-Dimethylphenyl phenyl selenide 3ar®: Yield: 86% (90 mg); Yellow oil; 'H NMR (500 MHz,
CDCls) 6 7.24-7.20 (m, 1H), 7.17-7.14 (m, 4H), 7.12-7.07 (m, 3H), 2.48 (s, 6H) ppm; *C NMR (125

MHz, CDCls) 6 143.8, 133.2, 130.4, 129.19, 129.17, 128.7, 128.0, 125.5, 24.4 ppm; ""Se NMR (95.5

MHz, CDCls) ¢ 305.15 ppm.

JC
Naphthalen-1-yl phenyl selenide 3as!®: Yield: 90% (102 mg); White solid, m.p. 50-53 °C; 'H NMR
(500 MHz, CDCl3) & 8.34-8.32 (m, 1H), 7.84-7.82 (m, 2H), 7.60 (dd, J = 7.1, 1.2 Hz, 1H), 7.50-7.48
(m, 2H), 7.37-7.32 (m, 3H), 7.21-7.16 (m, 3H) ppm: 3C NMR (125 MHz, CDCl3) & 134.3, 134.2,

134.0, 131.9, 131.8, 129.6 129.4, 129.3, 128.7, 127.8, 127.1, 126.9, 126.5, 126.2 ppm; "’Se NMR (95.5

MHz, CDCls3) 6 358.46 ppm.

Se
o
S
Phenyl thiophen-3-yl selenide 3atl®!: Yield: 95% (91 mg); Yellow oil; *H NMR (500 MHz, CDCls) 6

7.58 (dd, J = 2.8, 1.2 Hz, 1H), 7.57-7.55 (m, 2H), 7.58 (dd, J = 4.8, 2.8 Hz, 1H), 7.26-7.21 (m, 2H),
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7.19-7.15 (m, 2H) ppm; *C NMR (125 MHz, CDCls) § 132.8, 132.3, 131.0, 129.2, 126.83, 126.75,

122.7 ppm; "’Se NMR (95.5 MHz, CDCls) § 336.64 ppm.

©/Seﬂ\/\>

o
Furan-3-yl phenyl selenide 3au®: Yield: 96% (86 mg); Yellow oil; *H NMR (500 MHz, CDCls) ¢
7.58 (s, 1H), 7.52-7.50 (m, 2H), 7.44 (t, J = 1.6 Hz, 1H), 7.21-7.18 (m, 1H), 7.16-7.13 (m, 2H), 6.58 (d,
J = 1.7 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) ¢ 146.8, 144.0, 131.6, 130.0, 129.2, 127.7, 126.4,
115.7 ppm; ""Se NMR (95.5 MHz, CDCls) ¢ 246.83 ppm.
©/Se/\©
(E)-Styryl phenyl selenide 3awl™: Yield: 94% (97 mg); Yellow oil; 'H NMR (500 MHz, CDCls) §
7.54-7.52 (m, 2H), 7.32-7.25 (m, 7H), 7.23-7.20 (m, 1H), 7.16 (d, J = 15.8 Hz, 1H), 6.86 (d, J = 15.8
Hz, 1H) ppm; 3C NMR (125 MHz, CDCls) ¢ 137.1, 135.2, 132.6, 130.2, 129.4, 128.7, 127.7, 127.5,
126.1, 119.5 ppm; "’Se NMR (95.5 MHz, CDCls) ¢ 392.10 ppm.
JOROR
Bis(4-methylphenyl)selenide 3bb®: Yield: 92% (96 mg); Yellow solid, m.p. 48-53 °C; *H NMR (500

MHz, CDCls) § 7.34 (d, J = 8.0 Hz, 4H), 7.05 (d, J = 7.9 Hz, 4H), 2.30 (s, 6H) ppm; 3C NMR (125

MHz, CDCls) ¢ 137.3, 133.1, 130.2, 127.9, 21.2 ppm; 7’Se NMR (95.5 MHz, CDCls) & 285.16 ppm.

4-Acetylphenyl 4-fluorophenyl selenide 3chl®: Yield: 88% (103 mg); Yellow solid, m.p. 66-71 °C; *H

NMR (500 MHz, CDCls) § 7.0 (d, J = 8.5 Hz, 2H), 7.51-7.48 (m, 2H), 7.39-7.36 (m, 2H), 7.32-7.30 (m,
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2H), 2.55 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) 6 197.2, 163.2 (d, J = 247.5 Hz), 140.4, 137.6 (d,
J =87 Hz), 135.2, 129.8, 128.9, 122.9 (d, J = 3.7 Hz), 117.0 (d, J = 22.5 Hz), 26.9 ppm; 7’Se NMR

(95.5 MHz, CDCls) 6 424.85 ppm, °F NMR (376 MHz, CDCls) 6 -111.87 ppm.

o)
4-Acetylphenyl 4-chlorophenyl selenide 3dh!: Yield: 86% (107 mg); Yellow solid, m.p. 60-64 °C. *H
NMR (500 MHz, CDCls) 6 7.81 (d, J = 8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H),
7.35-7.26 (m, 2H), 2.57 (s, 3H) ppm: 3C NMR (125 MHz, CDCl3) 6 198.3, 139.4, 136.2, 135.5, 135.0,

130.6, 129.9, 129.0, 126.9, 27.4 ppm; 7Se NMR (95.5 MHz, CDCl3) & 428.43 ppm.

Joqe®

Mesityl 4-methoxyphenyl selenide 3eal®: Yield: 90% (110 mg); White solid, m.p. 60-64 °C, *H NMR
(500 MHz, CDCls) & 7.07-7.04 (m, 2H), 6.95 (s, 2H), 6.72-6.69 (M, 2H), 3.70 (s, 3H), 2.43 (s, 6H),
2.27 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) 6 158.1, 143.2, 138.7, 130.7, 128.8, 127.9, 123.2, 114.9,

55.2, 24.3, 21.0 ppm; 7Se NMR (95.5 MHz, CDCl3) & 285.02 ppm.

T

4-Methylphenyl thiophen-3-yl selenide 3fb!®l: Yield: 94% (95 mg); Yellow oil; *H NMR (500 MHz,
CDCls) 6 7.33 (dd, J = 3.0, 1.2 Hz, 1H), 7.30-7.26 (m, 3H), 7.06-7.03 (m, 3H), 2.29 (s, 3H) ppm; 13C
NMR (125 MHz, CDCls) ¢ 137.0, 132.3, 131.9, 130.1, 128.03, 128.00, 126.6, 123.6, 21.1 ppm; "’Se

NMR (95.5 MHz, CDCls) 6 333.92 ppm.
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0]

o

Benzyl 4-acetylphenyl selenide 3gh!%: Yield: 92% (106 mg); White solid, m.p. 103-106 °C; *H NMR
(500 MHz, CDCls) & 7.81-7.78 (m, 2H), 7.49-7.46 (m, 2H), 7.27-7.21 (m, 5H), 4.19 (s, 2H), 2.56 (s,
3H) ppm; 1*C NMR (125 MHz, CDCls) 6 197.4, 138.6, 137.6, 135.4, 131.4, 128.9, 128.7, 128.6, 127.2,

31.4, 26.5 ppm:; 7’Se NMR (95.5 MHz, CDCls)  377.05 ppm.

\/\/SeO\

n-Butyl 4-methylphenyl selenide 3hb!®: Yield: 91% (83 mg); Yellow oil; *H NMR (500 MHz, CDCl5)
07.39 (d, J = 7.7 Hz, 2H), 7.06 (d, J = 7.7 Hz, 2H), 2.86 (t, J = 7.5 Hz, 2H), 2.31 (s, 3H), 1.66 (quint, J
= 6.3 Hz, 2H), 1.41 (sext, J = 6.3 Hz, 2H), 0.89 (t, J = 6.3 Hz, 3H) ppm: *C NMR (125 MHz, CDCls)

8 136.8, 133.1, 129.9, 126.8, 32.4, 28.1, 23.1, 21.2, 13.7 ppm; ""Se NMR (95.5 MHz, CDCls) 6 284.07

ppm.

S
0,
4-Methoxyphenyl phenyl sulfide 5aal™: Yield: 88% (76 mg); Yellow oil; *H NMR (500 MHz, CDCls)
6 7.42-7.39 (m, 2H), 7.23-7.20 (m, 2H), 7.17-7.10 (m, 3H), 6.90-6.87 (M, 2H), 3.80 (s, 3H) ppm: 1°C
NMR (125 MHz, CDCls) ¢ 159.9, 138.6, 135.3, 128.94, 128.30, 125.8, 124.4, 115.0, 55.4 ppm.
O
4-Methylphenyl phenyl sulfide 5abt™: Yield: 90% (72 mg); Colorless oil; *H NMR (500 MHz, CDCls)

§7.29 (d, J = 8.2 Hz, 2H), 7.27-7.22 (m, 4H), 7.20 -7.15 (m, 1H), 7.11 (d, J = 8.0 Hz, 2H), 2.32 (s, 3H)

ppm; 3C NMR (125 MHz, CDCls) § 137.6, 137.2, 132.3, 131.4, 130.1, 129.85, 129.08, 126.5, 21.2
10/81



ppm.
SRS
Diphenyl sulfide 5ac: Yield: 89% (66 mg); Colorless oil; 'H NMR (500 MHz, CDCls) § 7.34-7.32

(m, 4H), 7.29-7.25 (m, 4H), 7.23-7.20 (m, 2H) ppm; *C NMR (125 MHz, CDCls) & 135.9, 131.1,

129.2, 127.1 ppm.

SRoN

4-Chlorophenyl phenyl sulfide 5ael™: Yield: 80% (71 mg); Colorless oil; *H NMR (500 MHz, CDCls)
0 7.32-7.29 (m, 2H), 7.27-7.24 (m, 2H), 7.22-7.20 (m, 1H), 7.19 (s, 4H) ppm; °C NMR (125 MHz,

CDCls) 6 135.3, 134.8, 133.1, 132.1, 131.4, 129.46, 129.43, 127.5 ppm.

L
Br
4-Bromophenyl phenyl sulfide 5afl"): Yield: 74% (78 mg); Colorless oil; *H NMR (500 MHz, CDCls)

§ 7.36-7.31 (m 4H), 7.28-7.25 (m, 2H), 7.24-7.20 (m, 1H), 7.13-7.11 (m, 2H) ppm; *C NMR (125

MHz, CDCls) ¢ 135.6, 135.0, 132.33, 132.18, 131.7, 129.5, 127.7, 121.0 ppm.

S
©/ \©\fo
4-Acetylphenyl phenyl sulfide 5ah™: Yield: 75% (68 mg); White solid, m.p. 64-67 °C. *H NMR (500
MHz, CDCls) 6 7.81 (d, J = 8.4 Hz, 2H), 7.50-7.48 (m, 2H), 7.41-7.38 (m, 3H), 7.21 (d, J = 8.5 Hz,

2H), 2.54 (s, 3H) ppm; **C NMR (125 MHz, CDCls) 6 197.0, 144.9, 134.6, 133.8, 132.2, 129.7, 128.89,

128.77, 127.5, 26.4 ppm.
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T,

4-Nitrophenyl phenyl sulfide 5ak™2: Yield: 51% (47 mg); White solid, m.p. 121-123 °C; *H NMR

2

(500 MHz, CDCls) 6 8.06-8.03 (m, 2H), 7.55-7.52 (m, 2H), 7.46-7.44 (m, 3H), 7.18-7.15 (m, 2H) ppm;

13C NMR (125 MHz, CDCl3) & 148.5, 145.4, 134.7, 130.52, 130.04, 129.7, 126.7, 124.0 ppm.

OO
2-Methylphenyl phenyl sulfide 5all™: Yield: 83% (66 mg); Colorless oil; *H NMR (500 MHz, CDCls)
07.29 (dd, J = 7.7, 1.3 Hz, 1H), 7.26-7.22 (m, 3H), 7.21-7.15 (m, 4H), 7.12 (dt, J = 7.3, 1.3 Hz, 1H),

2.37 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) ¢ 140.0, 136.3, 133.8, 133.1, 130.7, 129.7, 129.2, 128.0,

126.78, 126.39, 20.7 ppm.

0
2,6-Dimethylphenyl phenyl sulfide 5arl*?: Yield: 57% (49 mg); Colorless oil; *H NMR (500 MHz,

CDCls) 6 7.24-7.15 (m, 5H), 7.05 (dt, J = 7.4, 1.2 Hz, 1H), 6.97-6.86 (m, 2H), 2.42 (s, 6H) ppm; 13C

NMR (125 MHz, CDCls) § 143.9, 138.1, 130.6, 129.3, 128.9, 128.5, 125.7, 124.6, 21.8 ppm.

S
T
S
Phenyl thiophen-3-yl sulfide 5at™: Yield: 86% (66 mg); Colorless oil; *H NMR (500 MHz, CDCls) §

7.35-7.32 (m, 2H), 7.24-7.19 (m, 4H), 7.16-7.12 (m, 1H), 7.02 (dd, J = 4.9, 1.3 Hz, 1H) ppm; *C NMR

(125 MHz, CDCls) 6 137.4, 131.31, 129.44, 129.08, 128.52, 128.25, 126.8, 126.2 ppm.
S
AR
@)
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Furan-3-yl phenyl sulfide 5aul®®: Yield: 73% (51 mg); Colorless oil; *H NMR (500 MHz, CDCls) §
7.61 (s, 1H), 7.50 (s, 1H), 7.26-7.19 (m, 4H), 7.14 (t, J = 7.2 Hz, 1H), 6.43 (d, J = 0.9 Hz, 1H) ppm;
13C NMR (125 MHz, CDCls) 5 146.1, 144.2, 137.3, 128.9, 127.3, 125.8, 114.7, 114.0 ppm.

(E)-Styryl phenyl sulfide 5aw!™: Yield: 60% (51 mg); Colorless oil; *H NMR (500 MHz, CDCls) §

7.54-7.52 (m, 2H), 7.32-7.19 (m, 8H), 7.16 (d, J = 15.8 Hz, 1H), 6.86 (d, J = 15.8 Hz, 1H) ppm; 3C

NMR (125 MHz, CDCls) 6 137.1, 135.2, 132.6, 130.3, 129.4, 128.7, 127.72, 127.48, 126.2, 119.5 ppm.

S
JOROW
4-Methoxyphenyl 4-methylphenyl sulfide 5bal*!: Yield: 87% (80 mg); Colorless oil; *H NMR (500
MHz, CDCls) ¢ 7.36-7.33 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 6.86-6.83 (m,

2H), 3.77 (s, 3H), 2.28 (s, 3H) ppm; *C NMR (125 MHz, CDCls) 6 159.5, 136.1, 134.40, 134.37,

129.82, 129.46, 125.7, 114.9, 55.4, 21.0.

4-Chlorophenyl 4-methoxyphenyl sulfide 5cal*: Yield: 72% (72 mg); White solid, m.p. 59-62 °C; *H
NMR (500 MHz, CDCls) & 7.41-7.38 (m, 2H), 7.20-7.17 (m, 2H), 7.08-7.05 (m, 2H), 6.91-6.88 (m,
2H), 3.81 (s, 3H) ppm; C NMR (125 MHz, CDCl3) ¢ 160.1, 137.4, 135.5, 131.6, 129.36, 129.01,

123.8, 115.2, 55.4 ppm.

NH,
ﬁj L
O/

2-Aminophenyl 4-methoxyphenyl sulfide 5dal*?l: Yield: 46% (43 mg); Yellow oil; *H NMR (500 MHz,
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CDCls) 6 7.39 (dd, J = 7.7, 1.6 Hz, 1H), 7.16 (dt, J = 7.7, 1.6 Hz, 1H), 7.13-7.10 (m, 2H), 6.80-6.77 (m,
2H), 6.74-6.69 (m, 2H), 4.25 (s, br, 2H), 3.74 (s, 3H) ppm; 3C NMR (125 MHz, CDCls) 6 158.4, 148.1,
136.3, 130.4, 129.7, 126.9, 118.7, 116.8, 115.4, 114.8, 55.4 ppm.
S
Neasl
o]

4-Methoxycarbonylphenyl 4-fluorophenyl sulfide 5ed*#: Yield: 53% (56 mg); White solid, m.p.
81-85 °C; 'H NMR (500 MHz, CDCls) 6 7.88 (d, J = 8.6 Hz, 2H), 7.50-7.46 (m 2H), 7.141-7.07 (m,
4H), 3.88 (s, 3H) ppm; 13C NMR (125 MHz, CDCl3) & 166.6, 163.2 (d, J = 248.7 Hz), 144.7, 136.3 (d,

J =87 Hz), 130.1, 127.4, 127.2 (d, J = 3.7 Hz), 126.9, 116.9 (d, J = 22.5 Hz), 52.05 ppm, °F NMR

(376 MHz, CDCls) 6 -111.58 ppm.

S
</o\/l( \©\o/

4-Methoxyphenyl 2-methylfuran-3-yl sulfide 5fal*!: Yield: 87% (77 mg); Yellow oil; *H NMR (500
MHz, CDCls) ¢ 7.16 (d, J = 2.0 Hz, 1H), 7.14-7.11 (m, 2H), 6.81-6.78 (m, 2H), 6.32 (d, J = 2.0 Hz,
1H), 3.76 (s, 3H), 2.35 (s, 3H) ppm: *C NMR (125 MHz, CDCls) & 158.2, 155.7, 141.0, 129.4, 128.3,

115.1, 114.6, 109.8, 55.4, 11.8 ppm.

T,

Thiophen-2-yl 4-methoxyphenyl sulfide 5gal™!: Yield: 94% (84 mg); Yellow oil; *H NMR (500 MHz,
CDCls) § 7.34 (dd, J = 5.4, 1.3 Hz, 1H), 7.28-7.25 (m, 2H), 7.19 (dd, J = 3.6, 1.3 Hz, 1H), 6.97 (dd, J =
5.4, 3.6 Hz, 1H), 6.81-6.78 (m, 2H), 3.80 (s, 3H) ppm: 3C NMR (125 MHz, CDCl3) § 159.0, 134.4,

133.9, 131.2, 130.1, 128.4, 127.7, 114.8, 55.4 ppm.
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Furan-3-yl thiophen-2-yl sulfide 5gu: Yield: 92% (67 mg); Yellow oil; *H NMR (500 MHz, CDCls) §
7.49 (s, 1H), 7.38 (t, J = 1.8 Hz, 1H), 7.31 (dd, J = 5.3, 1.3 Hz, 1H), 7.15 (dd, J = 3.6, 1.3 Hz, 1H), 6.94
(dd, J = 5.3, 3.6 Hz, 1H), 6.40 (dd, J = 1.9, 0.8 Hz, 1H) ppm; *C NMR (125 MHz, CDCls) 6 143.7,
143.3, 134.3, 132.5, 129.2, 127.5, 118.2, 113.2 ppm. HRMS (EI-TOF) m/z: [M*] Calculated for

CsHeOS2 181.9860, found 181.9859.

gSQ

Benzyl phenyl sulfide 5hcl*): Yield: 43% (35 mg); Yellow solid, m.p. 41-44 °C; *H NMR (500 MHz,
CDCl3) § 7.30-7.26 (m, 6H), 7.24-7.20 (m, 3H), 7.17-7.14 (m, 1H), 4.09 (s, 2H) ppm; **C NMR (125

MHz, CDCls) ¢ 137.5, 136.5, 129.9, 128.88, 128.87, 128.53, 127.2, 126.4, 39.1 ppm.
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3. 'H NMR and 3C NMR Spectra

€V6€°C—

22v0'Ly
159021
9.50'L
20902 1
8110° |
62021
18812
vi6L L
€607°L |
09022 |
91717
Wzl
S8YT L
LEST L
16522
€292L
¥992°L 4
169272 ]
96172 ]
zzze s
1G€€°L]
8/c¢/
168¢°/ |
§68¢°L
956¢"L
Rmmi
YrOV'L

Se

3aa

=C'e

45 40 35 30 25 20 1.5 1.0 05 0.

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR (500 MHz) spectrum of 3aa in CDCls

10.0

Figure S1

L6 —

9z'GLL —

60021 —

85921 —
12621~
yoLEL —
zeeel
v99eL —

16651 —

Se

3aa

1 (ppm)

13C NMR (125 MHz) spectrum of 3aa in CDCl3

Figure S2

17 /81



Lv2ee —

¥580°L 1
LLOL'Z A
L0612 1
6561 1
802/ 1
2L0T°L 1
6Y1Z L
0L1T'L Y
V122 LA
1922 L
€622'L
198z L
Love L]
vz L
vive L]
98¢/ |
816 |
996¢ "/ ]
9101
GL0%'L |
gzLy L]

J

Se
3ab

=6€'¢

“01°C
BGT'e
200y

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 3ab in CDCls

6.0

8.5 8.0 7.5 7.0 6.5
Figure S3

9.0

9.5

10.0

e —

6921
00°22L
YEB6ZL
€€°0EL 7

om.w?\
vm.mﬂ\
No.vmr\

8L°L€L

18/81

1 (ppm)

H NMR (500 MHz) spectrum of 3ab in CDCls

Figure S4

Se
3ab




o
e Qe
< ©
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0C
1 (ppm)
Figure S5 H NMR (500 MHz) spectrum of 3ac in CDCls
e
OO
3ac
1‘90 1‘80 1‘70 160 1‘50 1‘40 1‘30 1‘20 1‘10 1b0 éO éo 7‘0 éO 5;0 4‘0 éO 2‘0 1‘0 b
f1 (ppm)
Figure S6 '3C NMR (125 MHz) spectrum of 3ac in CDCls

19/81



6Y56'9
0196'9
2596'9
vv16'9
68169
9286'9
1166'9
6566'9
0200 |
s
08€ZL
8Ly L
6.2 L
12524 1
952/
1092°L 1
219211
S0/T°L Y
v28EL
268€°L 4
0£6€°2
¥66€°L ]
12012
€L0v'L]
980 1
vZly' L]
996/
12971
04911
velv' L
651
L0yl
£08Y'L
198Y'L
0L6Y'L

|

!

|

LL6V'L

Se

3ad

A

WA

¥10'C
e
~00C

45 40 35 30 25 20 15 1.0 05 0

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55
'H NMR (500 MHz) spectrum of 3ad in CDCls

10.0

Figure S7

L9l
619117
95zl

68521

seszL~
67621 —
£glEL 7
lezer’

G191~
cLe9L —

Se

3ad

1 (ppm)

13C NMR (125 MHz) spectrum of 3ad in CDCls

Figure S8

20/81



180Z°L
61221
01€2'21
19€T'L 1
GEVT L
AV IR
€817/ 1
1v8T°L
81621 Y
vmmm&%
CELIR
G29€' L
GlLi€2
66/e°L ]
908¢' 1
98ev. ]
zLvy L
S¥sy2
V161
019%'Z]
299t L |
60Lp°2

45 40 35 30 25 20 15 1.0 05 0

5.0
1 (ppm)

6.0 55
'H NMR (500 MHz) spectrum of 3ae in CDCls

6.5

7.0

Se
Cl
3ae
8.5 8.0 7.5
Figure S9

9.0

9.5

10.0

[ X4%
om.mm_\/
69'621
1.0€L—

ceeel
vm.mm_\\
vevelL

21/81

1 (ppm)

13C NMR (125 MHz) spectrum of 3ae in CDCls

Figure S10

Se
3ae




809ZL 1
€997°L |
€897
00LTL ]
YELTL
0SLT'L A
6LLT LA
0987'L 1
63T'L
€€6TL Y
ISHEL A
€6VEL A
9TSE'L
209
v€9€°L ]
9L9¢L 4
stryL
YOSH'LA
wesyL ]
17$t'L
S9S'L
98stL |
LT9p L
599 |
e

Se

3af

S0
o1

5.0
f1 (ppm)

'H NMR (500 MHz) spectrum of 3af in CDCls3

55

Figure S11

€509°1CT1 —
T6S8'LTI

200€°6T1 W
co19'6ct —
16T9°1€1 N

IrerTel
TESHEEL

60SEPET

Se

Br

3af

1 (ppm)

'H NMR (500 MHz) spectrum of 3af in CDCls

Figure S12

22/81



Se

CF3

3ag

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3ag in CDCls;

6.0

6.5

95 90 85 80 75 7.0

10.0

ezt
€e'seh
90921 V
89'8ZL ~.
68'8C1 \
nw.mmr\
LLLEL
66'vEL
v6'LEL \

Figure S13
Se
CF;
3ag

1 (ppm)

13C NMR (125 MHz) spectrum of 3ag in CDCl3

Figure S14

23/81



C¢LYS'T—

08EeL
18E€"L
ELve L
05", 1
9v9g'/ 1
169E"L 1
12181
2LLE 1
€18€/
606€ LA
EY6E LA
€16€'L
€95 L
zoss L
17852
268G°L ]
¥265°L 1
656G/ 1
12101
¥912°11
0082 |
868.°L |
IV
€16 L

Se

3ah

=16C |

T T T
40 35 30

4.5

68
=681
=00'¢

2.0 15 1.0 05 0

2.5

5.0
1 (ppm)

'H NMR (500 MHz) spectrum of 3ah in CDCls

95 9.0

10.0

Figure S15

869 —

09’8zl
cL8zL

zo'6zL f
€8'621
€0l
oz'seL
oe'selL
s \

Lvl6L —

Se

3ah

1 (ppm)

13C NMR (125 MHz) spectrum of 3ah in CDCls

Figure S16

24/81



1688°€ —

€62€°L 1
8v£€L
29VE'L 1
9LvE LA
186€/ 1
819€/ 1
P9g L+
9/9€°L
LLLE LA
1SIEL )ﬁ
616672
16951~
18052
9161
mmmms%
8595/ 1
889G/
¥765°L |
5582 1
¥658°L
0£98°L 1
92/8'L1
€9/8/ |
€088,

Se

3ai

A

3.0

3.5

AA

T T T T
4.5

hggy
gl
»00C

T
7.5

8.0

8.5

0.C

0.5

1.5 1.0

2.0

25

4.0

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 3ai in CDCls

6.0

6.5

7.0

9.0

9.5

10.0

Figure S17

€228 —

8e'8Cl

£€9'8C1
A

98'8¢l
z8'62h
8zoel
mm.om_\\

L0°S€L
6L'6EL \

16°991 —

Se

3ai

1 (ppm)

13C NMR (125 MHz) spectrum of 3ai in CDCl3

Figure S18

25/81



vEeeL
V1€,
80Y€'L
06€'L
v2seL
596€°2
898€'L
168€"L
8L6€L
800Y'L
vEOY'L
L0LL
0ELrL
SiyL
062t'L
visyL
9gevs |
S6EYL ]
VEPY L]
08YY'L
SESY L]
L18SY°L ]
84SY'L ]
1819°1
129
8Y29'L 1
82€9'L

8v£9'L
68892/
9008
90108
6£10'8
1220'8
¥520'8
16208

NO,

3ak

]

| 4.

760C
6'C
6}
#00'C

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3ak in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S19

sovel
mN.hN_.”
ww.va/
wm.mwrw
SL'ogL
16°G€L —

90yl —
9z 9rL —

Se

NO,

3ak

1 (ppm)

13C NMR (125 MHz) spectrum of 3ak in CDCls

Figure S20

26/81



616€'C —

8Lr0°L
¥S10'L
8950°L
£090°2
LLLO'L
€5.0°L
8ELL'L ]
0.1
18812
PIBL L
1802 L |
8502°/ 1
Y0224 1
2052°2
LOVZ L
LIVT LA
¥252° L
25T L
8852°L
51922
969Z°L
8922 ]
58121
¥082°L 1
91z¢°2]
evee
zree s ]
g6ee L |
8v8e’. |
€68€°L
Z56€°L
vL6EL
0v0r'L

1.0 05 0

1.5

2.0

45 40 35 30 25

5.0
1 (ppm)

Se
3al
8.5 8.0 7.5 7.0 6.5 6.0 5.5
Figure S21  *H NMR (500 MHz) spectrum of 3al in CDCl3

9.0

9.5

10.0

8v'zc —

g8'9zh

8cL2L
16221
om.mm_\/
Leogl /

1601\t
98'LEL —
68'zEl \
z8'eel

L00vL —

27/81

f1 (ppm)

13C NMR (125 MHz) spectrum of 3al in CDCl3

Se
Figure S22

3al




1£86'9
8€86'9
¥986'9
£666'9
8100°2
0vL0°L
9910'2
1870°L
10S0°L
Zv90°L
6990°2
6180°2
1¥80°L
€802'L
L
Wie'l
vILT L
svez L
§822°21
€887/ 1
Love L
vove L
6LYC L
15624 1
G852/
0612 LA
2282 LA
G187 L
9062'2
6962 L
£00€°L
620€°L |
1802 |
e
121811
602¢L
Loee’s |
Lee2
selss ]
881G/
12251
18251

|

Gees'.

Se

3am

1\

| .

Swibd®m

ceeo-ec
aNB AN -

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3am in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S23

LG°GLL
9L°SLL
69'8LL
98'8LL 7
co'sel
so'seh >
Lselh ¢
28’82l
€8'8¢l
ze6eh
8e'6ch
z9'62h
covel
vOveEL
LLvEL

2Lo9L ~
90291 —

Se

3am

1 (ppm)

Figure S24 3C NMR (125 MHz) spectrum of 3am in CDCl3

28/81



Zv06'9
69069
V1169
1026'9
€/86'9
1686'9
9666'9
0200'Z
1210°2
16102
2020°L
82.0°L
0£80°Z
1580°L
GS60°L
2860°L
el
1911
V1281
662€°L |
LOVEL ]
ZeVE'L
657E L1
1€6€°L |
CICOUR
v16€° L
I9E"L
999€°/
89€' 4
98182
€92
181€1
Gese'L ]
618¢', 1
9¢6€'/ |
8.6€ L]
200v'L |
€207, ]
9009°Z 1
¥£09° |
020972 |
0249°2 |
SyL9L
8919°/

o)
3

80¢9°L

3an

M

4660
MO0l

0}
hegg
6L

45 40 35 30 25 20 15 1.0 05 0

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55
'H NMR (500 MHz) spectrum of 3an in CDCl3

10.0

Figure S25

ev'LeL
vv'lel
oL'szh

86'8Z1L 0
S56Z1 \

Nm.mwv\
98°0¢t
69'eel
96°cEl
LL'9gL

Cl

Se
3an

1 (ppm)

13C NMR (125 MHz) spectrum of 3an in CDCls

Figure S26

29/81



0c0eCc—

10L0°L 7
1680° {
LvPL LA
0091/
AJANE
ST LA
S8YZ'L
125T 1+
9867°/ +
92922+
04121
0v.2' L
czze L
geey'L ]
vOvY' L
Sty ]
906+ -
9eSY .
GGG/
966¥'L
6£9Y'/

1.0 0.5 0.

1.5

2.0

4.5 4.0 3.5 3.0 25

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 3ao in CDCls

6.0

6.5

7.0

7.5

3
29 =29

-OoO <« «—

TR

8.0

P
o

Figure S27

9.0 8.5

9.5

10.0

o' —

ogLzt
34145
Lzezh
24143
Le0€L
18°0€L
mm._\m_\w
68'cel
z6'eel \
626l —

30/81

f1 (ppm)

13C NMR (125 MHz) spectrum of 3ao in CDCl3

3ao

Se
Figure S28




GL069
S¥16'91
10€6°91
€210°L1
1280°L
00141
128114
6881L
9861 "L+
61022
9L1Z'2
Svzz L
056224
£20€°L]
660€L |
v61€L1
69¢¢',
1025°L
£%2G L1

875 L -

Se

3ap

00}
60

T
8.0

8.5

9.0

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.

5.0
1 (ppm)

6.5 6.0 5.5
'H NMR (500 MHz) spectrum of 3ap in CDCl3

7.0

7.5

9.5

10.0

Figure S29

vOviL
8LviL >
28'8LL
16'8LL 7
6621
197221
vz'8eL —
LLezh

6L'62L
zgoel
85°0¢€lL
88'eel

ce'eel
9z velL

Y229l ~
68'€9L

Se

3ap

1 (ppm)

13C NMR (125 MHz) spectrum of 3ap in CDCls

Figure S30

31/81



98yl'L
vroLL
96111
zvel L
6161'L
800Z'L
20121
izl
8917/
€LLT L
vviT L
V212 1
€987/
2682 L
1262 L
16621+
1€0€° /A
€10€ L
€818
11181
€2ze L
8vze L
98¢/ 1
z16€L1
8v6e L
1167
9.6%'L
22052 |
6905/
8052 |
0LG2
04152
2125,

G825,

Se

3aq

1%4
%0y
160

H)oo.N

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3aq in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

Le.21
61821
LLezh
mm.mur/

zeoel
Lg0€EL N

L6'LEL
z9€el _
90'vEL O

60°SEL

Figure S31

Se
3aq

1 (ppm)

13C NMR (125 MHz) spectrum of 3aq in CDCls

Figure S32

32/81



19LV'C—

6890/ 1
GLL0LA
2580°/
6880°Z 1
£601°L 1
TR
L9EL'L
LIvL1
PLGL LA
G8GL'L
I
1y91°2]
EAVE
9£02°L |
09122
8022’
Leez’L
z9vz .-

Se

3ar

J

=00'9

0.5

0.C

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3ar in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S33

vrve —

156zl
96'221 /
mm.wﬁ%
11621
61621 \
se0et \

6lL'eel

z8'erl —

Se

3ar

1 (ppm)

13C NMR (125 MHz) spectrum of 3ar in CDCl3

Figure S34

33/81



LeoLL
60LL°L
€911,
1z8l'L
Zr8LL
6681,
107,
8€0Z'L
2602,
SiLeL
902€ L
9ves'L
828,
Lese’s
GleeL
YOve'L
ZeveL
95ve’L
9LYeL
vIGEL
L8S€°L
619€°2
022
08t
618V,
96/ |
667", 1
€9V. L]
18Y1L
909.'. 1
0£9.'2

_J /£C°¢

29182
€618/
£0€8° 4
0€€8°2
z5e8L
80ze'8
zeees
8Leee
evee's
z9ee's
vOve's

3as

oy

—

36T
MM\NO._‘
AN

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 3as in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S35

sLock
67°921
€6'9¢)
L0221
6L'/2L
LL8zL
Leech X
ev'6Cl

mm.mwrw.

v8'LEL

98'Lel

16°€El

vevelL

8T Vel
)]
ﬁ\@

(7]
©

3

—_— —

1 (ppm)

13C NMR (125 MHz) spectrum of 3as in CDCls

Figure S36

34/81



66512
9961°2
G6SL'L
90L1'L
GeLL'L
12811
€98}/ 1
8981/ 1
v102°L 1
v01Z L1
6212'21
2022 L
05222
6622 L
86€7'L
z8YT L
9062
¥952' L
ez L
11121
818221
v182°1 1
2065
265/
1166721
6995/ |
€695/ |
gelgs ]
1£85 L
G585 L
9885/

01652

Ds

)
w

0
o
560

6l

60

45 40 35 30 25 20 15 1.0 05 0

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55
IH NMR (500 MHz) spectrum of 3at in CDCls

10.0

mn.uﬁ
SL9zZL /
£8'92L

AN
€OLEL ~
seeeL T
SLzEL 7

Figure S37
Se
[
S

3at

f1 (ppm)

13C NMR (125 MHz) spectrum of 3at in CDCls

Figure S38

35/81



Nomm.ov

pEET?

¥8L1°L
€18l L
8e8L'L |
¥G61L ]
vz L]
eLev L]
L0vY L]
6evv L ]
8105Z
05052 |
98052
G815/

z1zs'L

0LyL'L
G052
€291 L

ﬁ

€151

r
ja
(%)

—

3au

=00}

0'¢
<l
/66°0
Re0C
60

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3au in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S39

cLSL —

Sv'och
cLr el V
8L'6cl —
86'6C1 W
Sg'Lel

vovyL —
LL9vL —

Se@
|

3au

1 (ppm)

13C NMR (125 MHz) spectrum of 3au in CDCls

Figure S40

36/81



0.C

10 05

i

1.5

25 20

T
3.0

Shv8'9
09/8'9
8ivLL
€6.L1°L L
200z,
9€0Z°L
2.0z, F
8LLzL
6912°L
022Z'L
£92Z°L
90€2'L | L
ez L

VST LA
1521 +
11921
1V1T LA
¥61Z LA r
1112 1A
1182 LA
67821
08822
9682°L
2562 L]
8962°L
zzoe’L
090€"Z 1
vele s ]
881€'L] r
1228°L ]
02152 ]
0ezsL ]
925 L |
L0€S'L L
LYeS L
28€5°L
0Zvs'L F

45 40 35

5.0
1 (ppm)

'H NMR (500 MHz) spectrum of 3aw in CDCls

5.5

6.0

6761 —

€1'9Z1
Z.RF/
. VgL~
= »56°0 280
0L r~ ov.mﬁ\
Ll Nw.oﬁ\

A

= s | aif
06'}

L0°L€L

6.5

7.0

0
3aw
8.5 éO 7.5
Figure S41

T
9.0

9.5

10.0

37/81

1 (ppm)

13C NMR (125 MHz) spectrum of 3aw in CDCl3

[

3aw
Figure S42

Se ~




7.3490
7.3357

43
"3

7.0582
7.0450
—2.2961

4.02+
L
6.12= =
!

~ ] 4.15=

0O 65 60 55 45 40 35 30 25 20 1.5 1.0 05 0.

100 95 9.0 85 80 75 5.0
1 (ppm)

Figure S43 H NMR (500 MHz) spectrum of 3bb in CDCls

©NO o
N = N @ bt
NoOOoN o~
® OO =
- - o~
/NN

OGN

3bb

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

1 (ppm)
Figure S44 '3C NMR (125 MHz) spectrum of 3bb in CDCl3

38/81



YSySC—

18€0°L
8Y¥0°L
06¥0'L
18502
2290°L
2990, |
€620°L 1
96.0°L 1
9580°Z
0592'L 1
280€'/
STIeL
€918/
962¢'/
vmmmfﬁ
GEEE/
67952\t
ZLIG LA
€5.6° L
618G, q
zv8s L
1985/
1885/
0565'Z1
¥665°L
5092 |
10222
8Y.1.°L
6811
1882/
616.°L ]
85622 1

Se

3ch

=€0'¢

Ag6)
=G6'L
681
L00Z

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
H NMR (500 MHz) spectrum of 3ch in CDCls

10.0

Figure S45

1892 —

T6'9LL N
oz’
18221

oszer”
£6'8Z1
08621~
XTI
S LEL

Vo z61
geovl 7

22291 ~
0z ¥9L —

81,61 —

Se

3ch

I Jl\ j

1 (ppm)

13C NMR (125 MHz) spectrum of 3ch in CDCl3

Figure S46

39/81



2essT —

€96CL
910€°L 1
250€°L
GG0€'/ 1
ShigL
LE L
G81LE'L Y
veTe L
909€'L 4
LY9€ L
289¢' . ]
62181
918€L
G58¢°L ]
06.%'L1
ov8y L
118¥' 1
L26vL 4
01052
95052 |

G68.L |
908" 1

Se
3dh

Cl

=80'¢

SCE'N
Q QO ©
N~

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
IH NMR (500 MHz) spectrum of 3dh in CDCls

10.0

Figure S47

erle—

z6'92L
No.mﬁ%
z6'62L
L9'0eL
96'vEL
LS'selL \
8L'9¢lL \
Pr6EL

vE'861 —

Se

Cl

3dh

1 (ppm)

13C NMR (125 MHz) spectrum of 3dh in CDCl3

Figure S48

40/81



Fs
le}
Fo
o
[~ 66°02 —
6c've —
L2 o
@)
o
S w
18927 — ~-10¢
geerT— —Jor9 | w0 S
S
o 2165 —
L2 ™
kS
w
4 =
1669°€ — —Che =
o -
F < %
o
[to} wn
R
ET
oQ
rel M
T o
s O
T}
11899 . =
86699 12 L
1869'9 s v
€029 0 =
GILL9 Fo ezezl
919 T Lo
YSY6'9- \ o sro8 —
§5€0°2 o) r~
GLY0'2 o S
8G10°L ) < 69'8€1
0550°Z ~wm szer—
2650°L . @
2590°L © LS
o) 8 © =
2 0 _|H 1’851 —
o
o
Fo
w0
Fo
o
Lo

1 (ppm)
41 /81

Figure S50 3C NMR (125 MHz) spectrum of 3ea in CDCl3

Se
3ea




0v6C'Cc —

18201
€1E0°L |
68E0°L 1
L0V0°L
98Y0°/ {
2150°2 |
1550°L 1
¥850°/ 1
0190/
6952°L
G6ST'L Y
82921+
6972
25121
00822
G€82'L ]
8v8z'L ]
687
16z L
9562, 1
900¢°/ |
geze'L |
oree s
hees |

|

3fb

[0
(%))
M/ w

mwmm.t

L.

=00'¢

/86T
20°€
36'0

0.

0.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 f ;5.0 ) 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
ppm
H NMR (500 MHz) spectrum of 3fb in CDCls

10.0

Figure S51

80'le —

v9'eCt

mm.mmr”
00’8zt v
€0'8CL -

L0°0€l
mw.rmr\
6zczel
16'9€L \

gSe

3fb

I

1 (ppm)

13C NMR (125 MHz) spectrum of 3fb in CDCls

Figure S52

42 /81



0485C—

62617 —

ZHT Ly
9G12L
8812/ 1
§22T .
¥82Z L
16v2L
9192/
€92 1+
299z°2 )ﬁ
82,2 L
GEoY'2

2024
601",
mowi%
L8y L
088Z 1
9e8.'2 ]
1811
0162
9008°L 1
vv08'L
18082

Se

3gh

=0'¢

=¥0¢

T T T T T T T T T T T T T T T T T
7.5 45 40 35 3.0

8.0

8.5

0.C

0.5

1.5 1.0

2.0

25

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 3gh in CDCl3

6.0

6.5

7.0

9.0

9.5

10.0

Figure S53

9T —

e —

zz LT
Nm.mﬁ/
69821

%.wﬁ*
eciel’,
eegel
mmgﬁ\

29'8€l

8€'L6L —

Se

3gh

1 (ppm)

Figure S54 C NMR (125 MHz) spectrum of 3gh in CDCl3

43 /81



£1880
@m%.ov
13689
KLyl
18Y9'L
SQ@.FW
ZeL9'L

€01eCc—

m_\mw.m
mmww.NW
¥9.8°C

£650'L~
289027
918¢L

sree”

Se
3hb

=60

HOoC
H00¢

60'€

H00¢

=6
=08’}

4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
IH NMR (500 MHz) spectrum of 3hb in CDCls

10.0

Figure S55

89°€L —

?.EM
s0'€z

z18—
£PZE

289zt~
06621~
oLeel —
92981~

Se

3hb

1 (ppm)

13C NMR (125 MHz) spectrum of 3hb in CDCl3

Figure S56

44 /81



966.°€ —

6998'9
2£18'9
v118'9
5988'9
8068'9
69689 1
201 'L |
1S0LL
81012
96112
G61L7L
AR
AR
6EELL
G912 A ﬁ
0112
GEGL LA
GSG1°L
ze9l'2 ]
G/91°L]
AVE
1202°L |
66022
9912
822z L |
18221 1
ozez L
868€°
096€"L
€00V'L
£607'L
9€LY'L
86112

5aa

1€

#50°C
6'C
X4

00¢

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 5aa in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S57

16§ —

€0°GLL —

SYPTL
08'52L ~
0e'82)
ve'szL /.
vegeL —
z9'8eL —

88'651 —

5aa

1 (ppm)

13C NMR (125 MHz) spectrum of 5aa in CDCl3

Figure S58

45 /81



Llee T —

290L°47
zezL L
£S5 L
Ve
€651 1
£291°1 1
¥G9L°L |
0891°/ 1
AVE
661/ A
86.1°/ 4
186172
2022’ L]
2z L
zese L]
69€Z 1
ovve L
012 L]
9052, 1
88627 L 1
Ge9z'L |
18922 |
008Z°Z
£o67L ]

5ab

=6l'¢

T T T T T T T
45 40 35 3.0

SH A
S-S
ANM~— N
‘
7.5

8.0

8.5

0.C

0.5

2.0 1.5 1.0

25

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ab in CDCl3

6.0

6.5

7.0

9.0

9.5

10.0

Figure S59

9l'le—

bzl
80621\
8'6z) %
oLoeL —
6e'LEL \
LEZEL

6L el \
19'LEL

5ab

1 (ppm)

Figure S60 *C NMR (125 MHz) spectrum of 5ab in CDCl3

46 /81



v961°L
0861 "L
100Z°L
£€02L |
€0LZL
VT L
191ZL
1612 L1
8927/
9622/
vZeT Ly
WSZ L
165ZL
2292 L
€121
vyiT L
0922 L4
682 L
6v82°L
8887/ -
8062 'L
e/1€2
8lze .
vree s ]
v9ze L |
6.28L
ovee’ L
z8ee’L
ziveL

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

Sac
8.5 8.0 7.5 7.0 6.5 6.0 5.5
Figure S61 H NMR (500 MHz) spectrum of 5ac in CDCls

9.0

9.5

10.0

80°22L —
€2°62L 7,
ovier”
18561 ~

47 /81

1 (ppm)

13C NMR (125 MHz) spectrum of 5ac in CDCls

Figure S62

Sac




9€61°L
266121
6v0Z'L |
16022 1
AR
16121
V22T L
05€Z°L
G8€T'/ Y
6621
€1GT LA
LYST L]
9952'2
6892'L
8162,
€962 1
18621 1
z10e'2 |
£20¢’. |
¥80€° |
9z1E L]

8slLe L

bSae

oo
SRR

T T T T T T T T T T T T T T T T T
7.5 45 40 35 3.0

8.0

8.5

0.C

0.5

2.0 1.5 1.0

25

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ae in CDCls

6.0

6.5

7.0

9.0

9.5

10.0

Figure S63

vsLeh
ev'6Ch
ar'6Ch
evLEL
€Lzel
60°€El
08'veL
L2°S¢eL

{

N

M —

Sae

1 (ppm)

Figure S64 C NMR (125 MHz) spectrum of 5ae in CDCl3

48 /81



zLoL'L
9ziL'L
voLL'L
15241
162L'L
6vEL’L
80022 |
SE0Z'L ]
€902, 1
221Z° 1
0812'L
0822+
2622 L
€222
0662/
96v2° LA
€252 L
€192'L
9v9z' L4
19121
98/2° L
z187°]
060€"L
sies
Ly1€ L]
Lzel
esze L]
g8z’ ]
geee’s |
L1882
€ove’L

y0G€°L
955€°.

Br

5af

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
IH NMR (500 MHz) spectrum of 5af in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S65

66021 —
59221
61621
so'Lel M
8Lzel
eezeL
96'vEL \
Lo'gel

Br

5af

!

1 (ppm)

13C NMR (125 MHz) spectrum of 5af in CDCls

Figure S66

49 /81



96€5°C —

9961°L
9€Le’L
18eL
168€°L
cL6e’L
¥56€°L
0v0¥'L
ey’
[4 VA
ce8Y’L
9687,
yE6Y'L
G861°L
61082
8818°L

=0'€

9671
62
61

=0¢

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ah in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

er'oz —

mmNN—/
Nh.wNF
mm,mN—W
89'6C1
A

8leel
mw.mmr\
95 vEL

98yl —

Figure S67

0,61 —

5ah

1 (ppm)

13C NMR (125 MHz) spectrum of 5ah in CDCls

Figure S68

50/ 81



]
6854°2
6291°2
82LL L]
69L1°L |
1Z81'L ]
esvs |
9sti's |
SivvL
0est'L |
895/ |
69152 |
19e51
VPS4
e1vs |
TR
vesg L/
19€0°8
L0Y0'
Lrp0'S
6£50'8
1850°8
2€90°8

NO,

5ak

1l

A

0.5

0.C

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ak in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S69

£0VZ)
Y2921~
99°62)
¥008L 7
%d?\
IR

ov'syl —
Ly8yl —

NO,

5ak

1 (ppm)

13C NMR (125 MHz) spectrum of 5ak in CDCls

Figure S70

51/81



G19€C—

€201,
Y012
69111
L0ZL'L
Lzel'L
oveLL
L6l L
61612
LYSLL
891,
€991/
S9LLL
£081°L
ze81° L
118171
ZI6L L]
961"/
0642
¥00Z'L
9502'L
#8022
2heT L
ovez L
912211
06221
CIAX A
118271
eLye L]
eeve L
£5¥Z L
0552°2
£857L
009Z'L
08121
808Z'L
v€62'L
1962'L

5al

J W -

=00'¢

0l
Ly
0'¢
16°0

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5al in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

§9°0C —

6€°921

wﬂ.oNr/
167221\
81621 —~
mw,mNF\
99°0¢k

movmm—%m
v8'eel

wm,mmv\
h{ 4%

Figure S71

S
5al

!

Figure S72

1 (ppm)

13C NMR (125 MHz) spectrum of 5al in CDCl3

52 /81



0cey'e—

1098'9

9.8'9

¥068'9

2016'9

21691
Zr16'9
6226'9 1
6926'9 1
§626'9 1
9€56'9 |
8/96'9 1
0€€0°Z 1
£6€0°
9/£0°/ Y
1902+
1050°Z
2€50°2
¥290°L 4
8%90°L 1
1290°L |
ATAWE
105" |
GesL L
5912 |
19912 ]
018L°Z]
oz
§e2T'L

1822'L

v9eT'L

SoveL

5ar

I

=009

10
h0'g

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ar in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S73

€8'le —

€9'vCL
mo.mNF%
Sv'8ch
om.wwrw
erAr4%
vS0EL

S0'8EL —

26°eVL —

Sar

1 (ppm)

13C NMR (125 MHz) spectrum of 5ar in CDCl3

Figure S74

53/81



PELOL
1910°Z 1
£620°L 1
6520°L {
0LzZ1'2
6EZL° 1
€LZL L
LIEV L
LivLL
1871 L
91512
055172 Y
198172
1881/
z00z°2
9€0Z'L 4
L1z L]
952z°2
8L¥T L
isies
zize s
062€°L 1
oLee’L |
veve s
Lyve L]
zeve s
806€°Z -

T T T T T T T T T T T T T T
45 40 35 3.0

ES DD
75

Q- eQ
~ <~
T

8.0

8.5

0.C

0.5

2.0 1.5 1.0

25

5.0
1 (ppm)

5.5
IH NMR (500 MHz) spectrum of 5at in CDCls

6.0

6.5

7.0

9.0

9.5

10.0

Figure S75

2z9zL
28'9¢h
era-14%

[AR:14%
8062} 7
vv'6ch
LELEL \
evLEL —

1 (ppm)

13C NMR (125 MHz) spectrum of 5at in CDCls

Figure S76

54 /81



N
Sbde &
2SS9 o
O~ O o
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0
1 (ppm)
Figure S77 H NMR (500 MHz) spectrum of 5au in CDCl3
RNV
S
o
o)
5au
1‘90 1‘80 1‘70 1‘60 1‘50 140 1‘30 1‘20 1‘10 1b0 éo éO ‘)0 éO 5‘0 4‘0 3‘0 2‘0 1‘0 b

Figure S78

1 (ppm)

13C NMR (125 MHz) spectrum of 5au in CDCls

55/81



G6£8'9
L1289
vl
vl
v061L'L
8e61'L
LBL'L
€10z’ L
150Z°L
8047°L 1
0912L
1022 L |
Y2z L
1822/
0192
8692/ 1
¥69Z'/
18971 Y
0LLZ LA
€vIZ L
28121
6182'L
9882°L
206224
656772
1662°L ]
190€"L1
e
ggie L]
81672 ]
9Lz s
1525,
9625 'L

yees’L
G1€5°.

SNGZ

S5aw

A
Ll

»00'C

0.C

0.5

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5aw in CDCls

6.0

6.5

95 90 85 80 75 7.0

10.0

e56LL —
SLozh
vaN—%
cL el V
v.'8CL
Nv.mmr\
mN.omv\
N@.Nmr\
Lzsel

80°L€EL

Figure S79
SN
S5aw

1 (ppm)

Figure S80 C NMR (125 MHz) spectrum of 5aw in CDCl3

56 /81



VL1T°C—

699.°¢€ —

912894
8£€8°91
08€8°9 1
11¥8°91
G158'9
91689 )7.
1€€0°L

16v0 L\
veLLL

8821,

mamm.i‘.
15¢¢°2]
66€€°L
06V L
£€G€°L 1
G6Ge 'L

5ba

=Gl'¢

=£C'¢

£60T
20T
“86°)
00T

0.5

0.C

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ba in CDCl3

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S81

L0’k —

9€'6§ —

6L —

v1'sZL~
ov'6zL
EAGAN
LEvEL
orver >
viogL

25651 —

5ba

1 (ppm)

13C NMR (125 MHz) spectrum of 5ba in CDCls

Figure S82

57 /81



celge—
6088'9
£.88°9
61689
5006°9
8¥06'9
60169 1
950°L |
2090°L 1
1790°L {
ZeL0°L
2002
9280°/ 1
G891/ 1
LELV'L
61117
0842
LL6LL
G962
808€°L
zL8eL
Gl6EL
S00%'L
8v0v'L
60472
06178 —

Cl

5ca

3.0

3.5

=8C'¢

T T T
45 4.0

80T
002
"96°)
500C

T T T
7.5

8.0

8.5

0.C

0.5

1.5 1.0

2.0

25

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5ca in CDCls

6.0

6.5

7.0

9.0

9.5

10.0

Figure S83

8€°65 —

GL'GLL—

z8'eet —
1062l

9€'62h V
€9'LEL —
8Y'SEL
8eLEL —

8009} —

5ca

Cl

1 (ppm)

Figure S84 3C NMR (125 MHz) spectrum of 5ca in CDCl3

58 /81



6,€L°€—

f0eg5
9/69°9
860.°9
921291
7122°91
§v21'91
912191
618191
L0vL 9|
99/4°91
808291
66849
PY6L 9
moom.?w
88_)
¥L0L°2
9L
L0zL L]
0szL'L ]
T TAVE
6712
L0912
zzoL' L
891"/
€591°/ |
89/1°L
008}Z
617/ |
008€°L
zese’L
£56€°L
G86¢°L

NH,

5da

=c'¢

Fsoz

10C
X4
0'¢
0l
200'L

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0
1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR (500 MHz) spectrum of 5da in CDCl3

10.0

Figure S85

9€'66 —

€8'7LL N
261~
SL94L

voan
06'9Z} ~
04621~
zroeL

€e9EL —

gyl —

8€'85L —

5da

NH,

1 (ppm)

13C NMR (125 MHz) spectrum of 5da in CDCls

Figure S86

59 /81



€G/8°¢€ —

26902
5202

98802

12602

89602

8601'. |
Sl L]
61 L
gezl s
62cl L |
99¢l2 |
6297'L 1
0697'L 1
VELY L
86.7'L
moﬁfﬁ
826V'.+
04672
1£05°2

AV IR
£888'L 7

5ed

_

3.0

3.5

=0¢

T T T T
4.5

H0'v

7.5

£G6')

=00'¢

8.0

8.5

0.C

0.5

2.0 1.5 1.0

25

4.0

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 5ed in CDCls

6.0

6.5

7.0

9.0

9.5

10.0

Figure S87

§0'25 —

Z89LL N,
00217
98921
oL Lzl W
61221
m:ﬁ“
ZL0€L
ze9€L
eeos)

L9vvL —

02291 ~
6L¥9L —
167991 —

5ed

1 (ppm)

13C NMR (125 MHz) spectrum of 5ed in CDCl3

Figure S88

60/ 81



9¢Ge'Cc —

86G.°¢€ —

862¢'9
ﬁmm.@v
2611°9

66829

86829
686.°9
mmom.@%
¥608°9 1
68011
ATIE
G612
9821/ ]
XA
z6¢€1L
zeve L]
€60€°Z ]
zeLe L

=66'C

=00¢

=£6'0

7861
/G561
760

0.C

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
1 (ppm)

10.0

€8'LL—
=
@)
a
@)
=
©
Yo
[Ye) §E'56 —
(Vi
o
£
>
S
o
(&S]
[<5]
o
wn
~—~~
N
I
o
o
Lo
~ 10601 —
€9'viL
W yLSHL AS
Z
I 9Z'821 ~
— 9e'6zL
&
167071 —
(92]
[<B]
|-
>
(@] 89561 —
._|H 61851 —

1 (ppm)

13C NMR (125 MHz) spectrum of 5fa in CDCls

Figure S90

61/81



28€L'e —

57849
016291
256191
€708'9 1
9808'9 {
8v18'9
079691
1126'9
8v.6'9
6186'9 Y
€812
29811 4
VR
€€61°L -]
A
16V L
19622
¥092'L |
56922
812/
1082°L 1
SlEe L
ovees ]
zeve L]
Loves !

ﬁ
L
ﬁ

=00¢

0.5

0.C

1.0

1.5

45 40 35 30 25 20

5.0
1 (ppm)

5.5
H NMR (500 MHz) spectrum of 5ga in CDCls3

6.0

6.5

95 90 85 80 75 7.0

10.0

Figure S91

165 —

9L YLL —

69221
Zr'8zL \
S0°0EL ~
0z'LeL

. 7
26'eel
9EvEL \

v0'651 —

1 (ppm)

13C NMR (125 MHz) spectrum of 5ga in CDCl3

Figure S92

62 /81



8.6€°9
¥66€°9
910¥'9
€€0¥'9
L1€6°9
8¥¥6°9

€8v6'9
556'94
z051°2
125171
VR
6651L ]
Zr0e'L ]
890€°Z 1
671€ L
G182
VgL ]
9211
Liegs ]
zsay L

0.C

55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

6.0

6.5

UJU L

H NMR (500 MHz) spectrum of 5gu in CDCls

7.0

7.5

eeeee
e

LN D
8.5 8.0
Figure S93

9.0

9.5

10.0

8L'eLL —

SLeLL —

8vLCL ~
ozech —
LyzeL ~
62 Vel

seerL N
69°€PL 7

70
3
\S
s

1 (ppm)
63 /81

Figure S94 *C NMR (125 MHz) spectrum of 5gu in CDCl3




¥¥60°Y — —

08€}'L 7
S0vL'2 A
82yl LA
80S1L
2851 L
65121
6991°L
169127
v2LL L

V6L LA
6212 L N
191727

§822'L
vive L]
z09z°L
68922
€817 L 0
608221
1€82°L |
116T°L1
zoog'L

5hc

0.C

0.5

45 40 35 30 25 20 1.5 1.0

5.0
1 (ppm)

5.5
'H NMR (500 MHz) spectrum of 5hc in CDCls

6.0

8.5 8.0 7.5 7.0 6.5
Figure S95

9.0

9.5

10.0

60°6€ —

18'821
88'8Z1

18621 7
SP9EL ~
[P

8€'9¢h
[4x4%
mm,mN—W

64 /81

1 (ppm)

13C NMR (125 MHz) spectrum of 5hc in CDCl3

Figure S96

5hc




4. 7Se NMR spectra
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Figure S97 ""Se NMR (95.5 MHz) spectrum of 3aa in CDCls
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Figure S98 ""Se NMR (95.5 MHz) spectrum of 3ab in CDCls
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Figure S99 7"Se NMR (95.5 MHz) spectrum of 3ac in CDCls
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Figure S101  ""Se NMR (95.5 MHz) spectrum of 3ae in CDCls
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Figure S102 ""Se NMR (95.5 MHz) spectrum of 3af in CDCl3
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Figure S104 ""Se NMR (95.5 MHz) spectrum of 3ah in CDCls
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Figure S106 '’Se NMR (95.5 MHz) spectrum of 3ak in CDCls
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Figure S107 ""Se NMR (95.5 MHz) spectrum of 3al in CDCls;
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Figure S109 ""Se NMR (95.5 MHz) spectrum of 3an in CDCls
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Figure S112  "’Se NMR (95.5 MHz) spectrum of 3aq in CDCls
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Figure S113  7’Se NMR (95.5 MHz) spectrum of 3ar in CDCls
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Figure S114 7’Se NMR (95.5 MHz) spectrum of 3as in CDCl3
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Figure S116 "’Se NMR (95.5 MHz) spectrum of 3au in CDCls
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Figure S117 7’Se NMR (95.5 MHz) spectrum of 3aw in CDCls;
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Figure S118 7’Se NMR (95.5 MHz) spectrum of 3bb in CDCls
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Figure S119 7’Se NMR (95.5 MHz) spectrum of 3ch in CDCl3
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Figure S120 ""Se NMR (95.5 MHz) spectrum of 3dh in CDCls
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Figure S121  ""Se NMR (95.5 MHz) spectrum of 3ea in CDCls
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Figure S122 ""Se NMR (95.5 MHz) spectrum of 3fb in CDCls
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Figure S123  7"Se NMR (95.5 MHz) spectrum of 3gh in CDCls
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Figure S124 ""Se NMR (95.5 MHz) spectrum of 3hb in CDCls
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5. ®F NMR Spectra of 3ad, 3ag, 3am, 3ap, 3ch and 5ed
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Figure S125 °F NMR (376 MHz) spectrum of 3ad in CDCls
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Figure S126 '°F NMR (376 MHz) spectrum of 3ad in CDCls
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Figure S127 '°F NMR (376 MHz) spectrum of 3am in CDCls
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Figure S128 °F NMR (376 MHz) spectrum of 3ap in CDCls
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Figure S129 °F NMR (376 MHz) spectrum of 3ch in CDCls3
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Figure S130 °F NMR (376 MHz) spectrum of 5ed in CDCls
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