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Experimental

General Information

'"H NMR ('3C NMR) spectra were measured on a Bruker DPX 400 MHz spectrometer in CDCl; (DMSO-d;) with
chemical shift () given in ppm relative to TMS as internal standard [(s = singlet, d = doublet, t = triplet, brs = broad
singlet, m = multiplet), coupling constant (Hz)]. HRMS (ESI) was determined by using microTOF-QII HRMS/MS
instrument (BRUKER). X-Ray crystallographic analysis was performed with a Siemens SMART CCD and a Siemens P4

diffractometer.

Figure S1 The ORTEP Drawing of 4g (The ellipsoid contour 30% probability levels)
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Table S1 Optimization of the reaction conditions for 4a

Ph
Ph
P ()
oG - SO s A0
+ _
(3 @F4 // solvent, temp O |

Br 8. Br
0" o
1a 2a 4a

Entry Ratio (1a:2a:3) Solvent t (°C) Yield® (%)
1 1:1:1 DCE rt 48

2 1.1:1:1.1 DCE rt 52

3 1.2:1:1.2 DCE rt 45

4 1.5:1:1.5 DCE rt 41

5 1.1:1:1.1 DCM rt 45

6 1.1:1:1.1 CH3;CN rt trace
7 1.1:1:1.1 THF rt trace
8 1.1:1:1.1 1,4-dioxane 1t trace
9 1.1:1:1.1 DCE 30 46
10 1.1:1:1.1 DCE 15 60
11 1.1:1:1.1 DCE 10 52
12 1.1:1:1.1 DCE 15 65°¢

“Reaction conditions: 1a (x equiv), 2a (0.2 mmol), DABSO (3, x equiv); solvent (2.5

mL); 0.5 h. ’Isolated yield based on 2a. “Under Ar conditions.
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General Procedure for the Synthesis of Products 4.
Example for the synthesis of 4a:

ey,
Ph
Z /@ DABCO* (SO,), D
_DABLRT Yk |
®o *+ Z DCE, 15 °C, A O |
N2BF, Br ' o ST B
1a 2a

To a 10 mL Schlenk tube under Ar conditions, 2-(phenylethynyl)benzenediazonium tetrafluoroborate (1a, 0.22
mmol, 64.2 mg, 1.1 equiv), 1,4-diazabicyclo[2.2.2]octane-bis(sulfur dioxide) adduct (0.22 mmol, 48.4 mg, 1.1
equiv), (bromoethynyl)benzene (2a, 0.2 mmol, 36 mg, 1 equiv) and 1,2-dichloroethane (2.5 mL) were successively
added. Then, the tube was stirred at 15 °C for 0.5 h until complete consumption of 2a, as monitored by TLC
analysis. After the reaction was completed, the reaction mixture was concentrated in vacuum and the resulting
residue was purified by column chromatography on silica gel (eluent, petroleum ether/ethyl acetate = 5:1) to afford
the desired product 4a as a red solid.

6-Bromo-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4a)

red solid; 54.7 mg, 65% yield; mp: 273-274 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.41-8.38 (m, 1H), 8.04 (d,J =8.4
Hz, 1H), 7.60-7.55 (m, 3H), 7.45-7.43 (m, 2H), 7.3-7.31 (m, 3H), 7.19 (d, J = 3.6 Hz, 2H), 7.02-7.00 (m, 1H); 13C NMR
(100 MHz, CDCls) (8, ppm): 148.0, 145.3, 143.2, 134.4, 134.1, 133.8, 132.0, 131.2, 129.7, 129.5, 128.7, 128.5, 128.3,
128.2, 127.2, 125.5, 124.9, 124.4, 122.8, 120.8; IR (KBr, v, cm™): 3049, 1599, 1540, 1451, 1301, 818, 701; HRMS
(APCI) m/z caled for Co2H 4BrO,S [M+H]"420.9898, found 420.9914.

6-Bromo-11-(m-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4b)

HsC O
0

05 Br

red solid; 58.3 mg, 67% yield; mp: 203-204 °C; '"H NMR (400 MHz, CDCl;) (8, ppm) : 8.40-8.38 (m, 1H), 8.04 (d, J=8.0
Hz, 1H), 7.48-7.44 (m, 1H), 7.40-7.32 (m, 4H), 7.24-7.20 (m, 4H), 7.02-7.00 (m, 1H), 2.44 (s, 3H); 3C NMR (100 MHz,
CDCl) (6, ppm): 148.3, 145.4, 143.3, 139.6, 134.5, 134.0, 133.7, 132.0, 131.2, 130.2, 129.6, 128.8, 128.5, 128.5, 128.3,
127.3, 125.4, 125.2, 124.9, 124.2, 122.8, 120.6, 77.3, 77.2, 77.0, 76.7, 21.5; IR (KBr, v, cm™): 3065, 1558, 1507, 1450,
1302, 791, 708; HRMS (APCI) m/z calcd for C23H;6BrO,S [M+H] “435.0054, found 435.0050.

6-Bromo-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4c)
Me

.S
o ('5 Br

red solid; 61.8 mg, 71% yield; mp: 199-200 °C; 'H NMR (400 MHz, CDCls) (8, ppm): 8.24 (d, J = 8.4 Hz, 1H), 7.99 (d,
J=2.0, 1H), 7.60-7.56 (m, 3H), 7.42-7.40 (m, 2H), 7.27(s,1H), 7.14-7.07 (m, 3H), 6.79 (s, 1H), 2.32 (s, 3H); *C NMR
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(100 MHz, CDCls) (3, ppm) : 148.3, 145.3, 143.3, 139.6, 134.5, 134.0, 132.0, 131.1, 130.6, 130.4, 128.9, 128.5, 128.2,
128.2, 127.2, 125.39, 124.9, 124.2, 122.8, 120.4, 21.6; IR (KBr, v, cm™): 3064, 1558, 1506, 1457, 1302, 757, HRMS
(APCI) m/z calcd for C3H16BrO,S [M+H]" 435.0054, found 435.0051.

6-Bromo-11-(4-chlorophenyl)indeno[1,2-c]thiochromene 5,5-dioxide (4d)
cl

Br

)-8
red solid; 64.1 mg, 55% yield; mp: 198-200 °C; '"H NMR (400 MHz, CDCl;) (3, ppm): 8.40-7.38 (m, 1H), 8.04 (d, J =
8.0 Hz, 1H), 7.46-7.43 (m, 2H), 7.41-7.34 (m, 3H), 7.31-7.28 (m, 1H), 7.27-7.22 (m, 2H), 7.19-7.17 (m, 1H), 7.01-6.99
(m, 1H); *C NMR (100 MHz, CDCl3) (5, ppm) : 164.6, 162.1, 146.8, 145.1, 143.1, 134.4, 134.2, 132.2, 131.3, 1304,
130.3, 129.6, 129.6, 128.7, 128.6, 128.5, 127.1, 125.5, 125.1, 124.7, 122.6, 121.1, 117.2, 117.0; IR (KBr, v, cm™"): 3065,
1558, 1508, 1457, 1303, 757; HRMS (APCI) m/z calcd for C2,H13BrCl0,S [M+H]" 454.9508, found 454.9512.

6-Bromo-11-(3-chlorophenyl)indeno[1,2-c]thiochromene 5,5-dioxide (4¢€)
cl

)
LY

P

Br

red solid; 43.7 mg, 48% yield; mp: 197-199 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.41-8.38 (m, 1H), 8.05 (d, /= 8.0
Hz, 1H), 7.54-7.50 (m, 2H), 7.45-7.39 (m, 2H), 7.37-7.32 (m, 3H), 7.26-7.24 (m, 1H), 7.17 (d, J = 8.4 Hz, 1H), 7.00-6.98
(m, 1H); ®C NMR (100 MHz, CDCls) (5, ppm) : 146.0, 144.9, 143.0, 135.8, 135.7, 134.3, 132.3, 131.4, 131.2, 129.7,
128.8, 128.7, 128.3, 128.2, 127.2, 126.6, 125.6, 125.1, 124.9, 122.6, 121.6; IR (KBr, v, cm™): 3064, 1557, 1506, 1455,
1303, 757; HRMS (APCI) m/z calcd for C,oH13BrClO,S [M+H]" 454.9508, found 454.9510.

6-Bromo-11-(2-chlorophenyl)indeno[1,2-c]thiochromene 5,5-dioxide (4f)

CI
)
Y

/,S\\

(e JN o]
red solid; 31.9 mg, 35% yield; mp: 197-198 °C; '"H NMR (400 MHz, CDCl;) (3, ppm): 8.43-8.41 (m, 1H), 8.05 (d, J =
8.0 Hz, 1H), 7.66-7.64 (m, 1H), 7.53-7.48 (m, 2H), 7.43-7.39 (m, 1H), 7.36-7.31 (m, 3H), 7.26-7.23 (m, 1H), 7.06 (d, J =
8.4 Hz, 1H), 6.63-6.61 (m, 1H); 13C NMR (100 MHz, CDCl3) (5, ppm) : 144.8, 144.7, 142.6, 134.2, 134.0, 133.3, 133.0,
132.6, 131.4,130.8, 129.8, 128.7, 128.6, 128.3, 128.1, 126.4, 125.6, 125.3, 125.0, 122.5, 121.6; IR (KBr, v, cm™"): 3066,
1557, 1506, 1456, 1303, 757; HRMS (APCI) m/z calcd for C2,H13BrCl0,S [M+H]" 454.9508, found 454.9509.

Br

6-Bromo-9-methyl-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4g)
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red solid; 62.3 mg, 73% yield; mp: 173-174 °C;'H NMR (400 MHz, CDCl;) (3, ppm): 8.26-8.24 (m, 1H), 8.03 (d, J= 8.0
Hz, 1H), 7.61-7.55 (m, 3H), 7.44-7.42 (m, 2H), 7.38-7.34 (m, 1H), 7.20-7.12 (m, 3H), 6.79 (s, 1H), 2.32 (s, 3H); °C
NMR (100 MHz, CDCls) (6, ppm): 148.0, 145.6, 143.2, 141.9, 134.1, 133.9, 132.0, 131.7, 129.7, 129.4, 129.0, 128.6,
128.2, 128.2, 127.1, 125.4, 124.9, 124.6, 123.8, 119.7, 21.8; IR (KBr, v, cm™"): 3060, 1594, 1490, 1442, 1361, 818, 698;
HRMS (APCI) m/z caled for Co3Hy¢BrO,S [M+H]" 435.0054, found 435.0064.

6-Bromo-9-methyl-11-(m-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4h)

red solid; 67.4 mg, 75% yield; mp: 288-289 °C; 'H NMR (400 MHz, CDCls) (3, ppm) : 8.25 (d, J = 8.0 Hz, 1H), 8.03 (d,
J = 8.0 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.37-7.35 (m, 2H), 7.23-7.18 (m, 4H), 7.12 (d, J = 7.6 Hz, 1H), 6.79 (s, 1H),
2.45 (s, 3H), 2.32 (s, 3H); *C NMR (100 MHz, CDCL3) (3, ppm) :148.3, 145.7, 143.2, 141.9, 139.6, 134.1, 133.9, 132.0,
131.7, 130.2, 129.6, 129.0, 128.9, 128.5, 128.17, 127.2, 125. 3, 125.2, 124.8, 124.5, 123.8, 119.6, 21.8, 21.6; IR (KBr, v,
cm™"): 2965, 1595, 1506, 1456, 1308, 820, 711; HRMS (APCI) m/z calcd for Cp4H sBrO,S [M+H]" 449.0211, found
449.0213.

6-Bromo-9-methyl-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4i)

Me

o
O~

06 Br

red solid; 69.1 mg, 77% yield; mp: 236-237 °C; '"H NMR (400 MHz, CDCl3) (8, ppm): 8.40-8.37 (m, 1H), 7.91 (d, J = 8.0
Hz, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.34-7.31 (m, 4H), 7.17 (d, J = 8.4 Hz, 1H), 7.05-7.02 (m, 2H), 2.49 (s, 3H), 2.07 (s,
3H); 3C NMR (100 MHz, CDCls) (8, ppm): 148.3, 145.6, 143.3, 141.8, 139.5, 134.1, 131.9, 131.6, 130.8, 130.4, 128.9,

128.9, 128.1, 127.1, 125.3, 124.8, 124.4, 123.8, 119.4, 21.8, 21.6; IR (KBr, v, cm™): 3026, 1593, 1504, 1458, 1298, 815,
728; HRMS (APCI) m/z caled for C24H;sBrO,S [M+H]* 449.0211, found 449.0235.

6-Bromo-11-(4-ethylphenyl)-9-methylindeno[1,2-c]thiochromene 5,5-dioxide (4})

Et

»
Q O Me

06 Br

red solid; 72.2 mg, 78% yield; mp: 204-205 °C; 'H NMR (400 MHz, CDCl;) (3, ppm): 8.24 (d, J = 8.0 Hz, 1H),
8.04-8.01 (m, 1H), 7.41-7.33 (m, SH), 7.24-7.17 (m, 2H), 7.13-7.11 (m, 1H), 6.83 (s, 1H), 2.83-2.77 (m, 2H), 2.32 (s,
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3H), 1.38-1.34 (m, 3H); '°C NMR (100 MHz, CDCls) (5, ppm): 148.3, 145.8, 145.6, 143.4, 141.8, 134.1, 132.0, 131.8,
131.0, 129.16, 129.0, 128.9, 128.2, 128.1, 127.2, 125.3, 124.8, 124.4, 123.8, 119.3, 28.8, 21.8, 15.3; IR (KBr, v, cm’)):
2964, 1595, 1506, 1456, 1313, 818, 725; HRMS (APCI) m/z calcd for CasHBrO,S [M+H]" 463.0367, found 463.0349.

6-Bromo-9-ethyl-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4k)

Ph
agess

/

o*h
o Br

red solid; 67.4 mg, 75% yield; mp: 210-215 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.29 (d, J = 8 Hz, 1H), 8.04-8.02
(m, 1H), 7.60-7.56 (m, 3H), 7.45-7.43 (m, 2H), 7.36 (d, J = 0.8 Hz, 1H), 7.18-7.15 (m, 3H), 6.81 (d, J = 1.2 Hz, 1H),
2.64-2.58 (m, 2H), 1.22-1.18 (m, 3H); *C NMR (100 MHz, CDCl5) (8, ppm): 148.3, 148.1, 145.6, 143.2, 134.2, 133.9,

132.0, 132.0, 129.7, 129.4, 128.8, 128.2, 127.8, 127.1, 125.5, 124.9, 124.6, 122.7, 119.7, 29.1, 15.4; IR (KBr, v, cm’!):
2966, 1593, 1489, 1443, 1310, 823, 700; HRMS (APCI) m/z calcd for C24HisBrO,S [M+H]* 449.0211, found 449.0237.

6-Bromo-9-ethyl-11-(m-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (41)

red solid; 71.3 mg, 77% yield; mp: 241-242 °C;'H NMR (400 MHz, CDCl;) (8, ppm): 8.28 (d, J = 8.0 Hz, 1H), 8.03 (d, J
= 8.0 Hz, 1H), 7.49-7.46 (m, 1H), 7.37-7.34 (m, 2H), 7.24-7.14 (m, SH), 6.81 (s, 1H), 2.64-2.58 (m, 2H), 2.45 (s, 3H),
1.22-1.18 (m, 3H); ®C NMR (100 MHz, CDCls) (5, ppm):148.4, 148.3, 145.7, 143.3, 139.6, 134.1, 133.9, 132.0, 130.2,
129.62, 128.9, 128.6, 128.2, 127.8, 127.2, 125.5, 125.2, 124.8, 124.5, 122.7, 119. 6, 29.1, 21.6, 15.4; IR (KBr, v, cm™!):
2963, 1596, 1506, 1422, 1307, 821, 707; HRMS (APCI) m/z calcd for C25H20BrO,S [M+H]* 463.0367, found 463.0363.

6-Bromo-9-ethyl-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4m)
Me

»
Q O Et

T g,
red solid; 64.8 mg, 79% yield; mp: 236-237 °C; 'H NMR (400 MHz, CDCls) (3, ppm): 8.27 (d, J = 8.0 Hz, 1H), 8.04-8.01
(m, 1H), 7.40-7.32 (m, 8.0, SH), 7.24-7.14 (m, 3H), 6.84 (d, J = 1.2 Hz, 1H), 2.64-2.58 (m, 2H), 2.50 (s, 3H), 1.22-1.18
(m, 3H); 3C NMR (100 MHz, CDCl;) (8, ppm): 148.3, 148.3, 145.7, 143.4, 139.5, 134.1, 132.0, 131.9, 130.8, 130.4,
129.0, 128.2, 128.1, 127.8, 127.1, 125.5, 124.8, 124.4, 122.7, 119.4, 29.1, 21.6, 15.4; IR (KBr, v, cm™"): 2964, 1595, 1506,

1436, 1303, 832, 718; HRMS (APCI) m/z calcd for C,5H2BrO»S [M+H]" 463.0367, found 463.0357.

6-Bromo-9-ethyl-11-(4-ethylphenyl)indeno[1,2-c]thiochromene 5,5-dioxide (4n)

Et

()
Q™

0/’“

o Br
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red solid; 78.2 mg, 82% yield; mp: 280-283 °C;'H NMR (400 MHz, CDCL) (3, ppm): 8.25 (d, J = 8.4 Hz, 1H), 8.05-8.03
(m, 1H), 7.47 (d, J = 1.6 Hz, 1H), 7.45 (d, J = 2.0 Hz, 1H), 7.43-7.37 (m, 2H), 7.35-7.33(m, 2H), 7.25-7.20 (m, 2H), 7.15
(d, J = 0.8 Hz, 1H), 2.83-2.77 (m, 4H), 1.38-1.34 (m, 6H); 3C NMR (100 MHz, CDCl3) (5, ppm): 147.2, 146.8, 1462,
142.4,134.2,133.0, 132.1, 131.0, 130.2, 129.4, 128.6, 128.4, 128.1, 127.4, 126.3, 125.9, 125.8, 125.2, 124.9, 121.5, 28.8,
15.3; IR (KBr, v, cn'): 2965, 1569, 1508, 1447, 1302, 832, 689; HRMS (APCI) m/z caled for CagHa:BrO,S [M+H]"
477.0524, found 477.0529.

6,9-Dibromo-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (40)

Ph
O
/
0%t
o) Br

red solid; 59.0 mg, 59% yield; mp: 248-249 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.41-8.38 (m, 1H), 8.04 (d, /= 8.4
Hz, 1H), 7.60-7.53 (m, 3H), 7.45-7.43 (m, 2H), 7.39-7.31 (m, 2H), 7.20-7.19 (m, 2H), 7.02-7.00 (m, 1H); '3C NMR (100
MHz, CDCls) (8, ppm): 147.1, 146.5, 142.2, 137.5, 134.3, 133.2, 132.5, 132.2, 130.0, 129.8, 128.8, 128.2, 128.1(0),
128.1(8), 127.3, 126.2, 125.5, 125.0, 123.0, 121.8; IR (KBr, v, cm™): 3070, 1594, 1490, 1441, 1311, 830, 711; HRMS

(APCI) m/z caled for C2H 3Br:0,S [M+H]" 500.8983, found 500.8990.

6,9-Dibromo-11-(m-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4p)
O
Br
Q=<0
_S

06 Br

red solid; 62.7 mg, 61% yield; mp: 189-191 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.25 (d, J = 8.0 Hz, 1H), 8.04 (d, J
= 8.4 Hz, 1H), 7.48-7.45 (m, 2H), 7.40-7.36 (m, 2H), 7.23-7.20 (m, 4H), 7.11 (d, J = 0.8 Hz, 1H), 2.45 (s, 3H); 3C NMR
(100 MHz, CDCls) (8, ppm): 147.3, 146.8, 142.3, 139.9, 134.2, 133.1, 132.9, 132.2, 131.0, 130.5, 129.9, 128.7, 128.4,
128.3, 127.4, 126.3, 125.9, 125.81, 125.2, 125.0, 124.9, 121.7, 21.6; IR (KBr, v, cm™"): 3065, 1558, 1507, 1450, 1302,
791, 708; HRMS (APCI) m/z calcd for C23H;5Br0,S [M+H]" 514.9139, found 514.9130.

6,9-Dibromo-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4q)

Me

®
ooy

-

06 Br

red solid; 64.8 mg, 63% yield; mp: 263-264 °C; 'H NMR (400 MHz, CDCl;) (3, ppm): 8.24 (d, J = 8.0 Hz, 1H), 8.05-8.03
(m, 1H), 7.47-7.45 (m, 1H), 7.41-7.37 (m, 3H), 7.31 (d, J = 8.0 Hz, 2H), 7.26-7.22 (m, 2H), 7.14 (d, J = 0.8 Hz, 1H),
2.50 (s, 3H); *C NMR (100 MHz, CDCls) (8, ppm): 147.2, 146.8, 142.4, 140.0, 134.2, 133.0, 132.1, 131.0, 130.6, 130.0,
128.7, 128.4, 128.0, 127.3, 126.3, 125.9, 125.8, 125.2, 124.9, 121.5, 21.6; IR (KBr, v, cm™): 3026, 1593, 1504 1458,
1298, 815, 728; HRMS (APCI) m/z calcd for C23H;5Br0,S [M+H]* 514.9139, found 514.9142.

6,9-Dibromo-11-(4-ethylphenyl)indeno[1,2-c]thiochromene 5,5-dioxide (4r)
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red solid; 67.6 mg, 64% yield; mp: 244-245 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.25 (d, J = 8.4 Hz, 1H), 8.04 (d, J
= 8.0 Hz, 1H), 7.47-7.33 (m, 7H), 7.22 (s, 1H), 7.15 (s, 1H), 2.83-2.77 (m, 2H), 1.36-1.34 (m, 3H); 3C NMR (100 MHz,
CDCl) (6, ppm): 147.2, 146.8, 146.2, 142.4, 134.2, 133.0, 132.6, 131.0, 130.2, 129.4, 128.7, 128.4, 128.1, 127.4, 126.3,
125.9, 125.8, 125.2, 125.0, 121.5, 28.8, 15.3; IR (KBr, v, cm™): 2970, 1587, 1506, 1456, 1308, 830, 691; HRMS (APCI)
m/z caled for C24H7Br,0,S [M+H]* 528.9296, found 528.9280.

6-Bromo-9-(tert-butyl)-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4s)

Ph
ageol

/

o
o Br

red solid; 66.8 mg, 79% yield; mp: 273-274 °C; 'H NMR (400 MHz, CDCls) (3, ppm): 8.30 (d, J = 8.0 Hz, 1H), 8.04-8.02
(m, 1H), 7.60-7.56 (m, 3H), 7.46-7.44 (m, 2H), 7.38-7.33 (m, 2H), 7.187.15 (m, 2H), 7.01 (d, J = 0.8 Hz, 1H), 1.28 (s,
9H); 13C NMR (100 MHz, CDCls) (8, ppm): 155.2, 148.3, 145.3, 143.2, 134.2, 133.8, 132.0, 131.8, 129.7, 129.5, 128.8,
128.2,128.2,127.1, 125.4, 125.3, 124.9, 124.6, 120.1, 119.7, 35.2, 31.1; IR (KBr, v, cm™"): 3070, 1594, 1490, 1441, 1311,

830, 711; HRMS (APCI) m/z calcd for C26H2.BrO,S [M+H]* 477.0524, found 477.0557.

6-Bromo-9,11-diphenylindeno[1,2-c]thiochromene 5,5-dioxide (4t)
Ph O Ph
o
o’/\(\) Br

red solid; 70.6 mg, 71% yield; mp: 191-192 °C; 'H NMR (400 MHz, CDCl5) (8, ppm): 8.42 (d, J=8.0 Hz, 1H), 8.05 (d, J
= 8.0 Hz, 1H), 7.60-7.58 (m, 3H), 7.54-7.52 (m, 3H), 7.50-7.46 (m, 2H), 7.44-7.36 (m, 4H), 7.20-7.19 (m, 3H); *C NMR
(100 MHz, CDCl) (8, ppm): 147.9, 146.1, 144.4, 143.1, 140.1, 134.23, 133.8, 133.2, 132.2, 130.0(9), 130.0(8), 130.0(7),
130.0(5), 129.9(2), 129.9(8), 129.7, 129.0(2), 129.0(7), 128.7, 128.5, 128.3(4), 128.3(9), 128.2, 127.4, 127.2(0), 127.2(8),

127.2(5), 127.1, 125.9, 125.1, 125.0, 121.6, 120.7; IR (KBr, v, em™): 3060, 1593, 1490, 1445, 1306, 832, 697; HRMS
(APCI) m/z calced for CasH;sBrO,S [M+H]* 497.0211, found 497.0241.

6-Bromo-9-chloro-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4u)

Ph
agess

/
o
o) Br

red solid; 52.7 mg, 58% yield; mp: 217-218 °C;'H NMR (400 MHz, CDCl) (3, ppm): 8.32 (d, J = 8.0 Hz, 1H), 8.06-8.03
(m, 1H), 7.62-7.57 (m, 3H), 7.44-7.38 (m, 3H), 7.32-7.29 (m, 1H), 7.22-7.20 (m, 2H), 6.97 (d, J = 1.6Hz, 1H); *C NMR
(100 MHz, CDCl;) (3, ppm): 147.1, 146.5, 142.2, 137.5, 134.3, 133.2, 132.5, 132.2, 130.0, 129.8, 128.8, 128.2, 128.1(0),

128.1(8), 127.3, 126.2, 125.5, 125.0, 123.0, 121.8; IR (KBr, v, em'): 3079, 1562, 1489, 1449, 1306, 833, 711; HRMS
(APCI) m/z calcd for Co2H3BrClO,S [M+H]* 454.9508, found 454.9512 .
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Methyl 6-bromo-11-phenylindeno[1,2-c]thiochromene-9-carboxylate 5,5-dioxide (4v)
Ph
OC
0"'8' Br

o
red solid; 52.5 mg, 55% yield; mp: 239-240 °C; 'H NMR (400 MHz, CDCl;) (3, ppm): 8.46 (d, J = 8.0, 1H), 8.05-8.01
(m, 2H), 7.62-7.58 (m, 4H), 7.46-7.43 (m, 2H), 7.41-7.37 (m, 1H), 7.22-7.20 (m, 2H), 3.89 (s, 3H). *C NMR (100 MHz,
CDCl3) (8, ppm): 166.3, 147.4, 145.5, 142.4, 138.4, 134.1, 133.3, 132.6, 132.3, 130.2, 130.1(8), 130.1(7), 130.1(5),
130.0(3), 130.0(2), 123.0(9), 130.0(8), 128.8, 128.4, 128.3, 127.5, 125.3, 125.1(8), 125.1(6), 123.2, 123.0, 52.6. IR (KBr,

v, emr'!): 2970, 1700, 1506, 1456, 1308, 830, 691; HRMS (APCI) m/z calcd for CosHi16BrO4S [M+H]" 478.9953, found
478.9960.

CO,Me

6-Bromo-3-chloro-9-ethyl-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4w)

Ph Et

(J
Vog'y

0'/\(\) Br
red solid; 53.0 mg, 55% yield; mp: 272-274 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.28 (d, J = 8.0 Hz, 1H), 7.99 (d, J
=2.0 Hz, 1H), 7.59 (d, J = 7.2 Hz, 3H), 7.43-7.41 (m, 2H), 7.18-7.06 (m, 3H), 6.81 (s, 1H), 2.64-2.58 (m, 2H), 1.22-1.18
(m, 3H); *C NMR (100 MHz, CDCI;) (8, ppm):148.6, 148.6, 145.5, 143.2, 135.2, 134.3, 133.6, 132.4, 131.9, 129.9,
129.6, 128.4, 128.1(3), 128.1(8), 127.2, 125.6, 124.8, 123.9, 122.8, 119.3, 29.1, 15.4; IR (KBr, v, cm™"): 2971, 1558, 1506,
1457, 1305, 824, 698; HRMS (APCI) m/z calcd for C24H17BrCl0,S [M+H]" 482.9821, found 482.9817.

6,9-Dibromo-3-chloro-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4x)

Ph
Br

gt

/

.S
0"(') Br

red solid; 53.4 mg, 50% yield; mp: 199-200 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.25 (d, J = 8.0 Hz, 1H), 8.00 (d, J
= 2.0 Hz, 1H), 7.61-7.59 (m, 3H), 7.50-7.47 (m, 1H), 7.42-7.39 (m, 2H), 7.18-7.16 (m, 1H), 7.11 (d, J = 8.8 Hz, 2H);
3C NMR (100 MHz, CDCl;) (8, ppm): 147.0, 146.9, 142.2, 135.3, 134.9, 132.8, 132.8, 132.6, 131.3, 130.1, 130.0, 128.6,

128.0, 126.6, 126.5, 126.0, 126.0, 124.9, 124.6, 121.4; IR (KBr, v, cm’): 3065, 1558, 1470, 1311, 828, 705; HRMS
(APCI) m/z caled for CoH1,BraClO,S [M+H]* 534.8593, found 534.8599.

6-Bromo-2-methyl-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4y)

ooy

/7 \

oo
red solid; 63.8 mg, 71% yield; mp: 241-242 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.39-8.37 (m, 1H), 7.91 (d, J = 8.0
Hz, 1H), 7.39-7.27 (m, 6H), 7.17 (d, J = 8.4 Hz, 1H), 7.05-7.02 (m, 2H), 2.49 (s, 3H), 2.07 (s, 3H); '3C NMR (100 MHz,
CDCl) (6, ppm): 147.9, 145.4, 143.2, 142.5, 139.5, 134.5, 131.3, 131.1, 130.8, 130.2, 129.1, 128.7, 128.4, 128.2, 127.6,
125.4, 124.8, 124.3, 122.7, 120.6, 21.7, 21.6; IR (KBr, v, cm™): 2918, 1599, 1506, 1447, 1298, 813, 699; HRMS (APCI)
m/z caled for C24H;sBrO,S [M+H]" 449.0211, found 449.0220.
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6-Bromo-2,9-dimethyl-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4z)

25\

¢o

red solid; 69.5 mg, 75% yield; mp: 266-267 °C; 'H NMR (400 MHz, CDCl5) (8, ppm):8.24 (d, J = 8.0 Hz, 1H), 7.90 (d, J
= 8.4 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.17-7.10 (m, 2H), 6.9 (s, 1H), 6.82 (s, 1H), 2.50 (s,
3H), 2.32 (s, 3H), 2.06 (s, 3H); *C NMR (100 MHz, CDCL) (5, ppm): 147.9, 145.7, 1432, 1424, 141.8, 139.4, 131.8,
131.4, 130.9, 130.2, 129.0, 128.8, 128.7, 128.2, 127.6, 125.3, 124.8, 124.6, 123.7, 119.7, 21.8, 21.7, 21.5; IR (KBr, v,
cm™"): 3065, 1558, 1470, 1311, 828, 705; HRMS (APCI) m/z calcd for Co5Hy0BrO,S [M+H]" 463.0367, found 463.0376.

6-Bromo-9-ethyl-2-methyl-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4aa)

2\

red solid; 72.5 mg, 76% yield; mp: 259-260 °C; 'H NMR (400 MHz, CDCl5) (8, ppm):8.27 (d, J = 7.6 Hz, 1H), 7.90 (d, J
= 8.0 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 7.2 Hz, 2H), 6.9 (s, 1H), 6.84 (s, 1H),
2.64-2.58 (m, 2H), 2.50 (s, 3H), 2.06 (s, 3H), 1.22-1.18 (m, 3H); 3C NMR (100 MHz, CDCl;) (5, ppm) : 148.2, 148.0,
145.7, 143.21, 142.4, 139.4, 132.1, 131.4, 130.9, 130.2, 129.0, 128.8, 128.2, 127.6, 127.6, 125.4, 124.8, 124.6, 122.6,
119.7, 29.1, 21.7, 21.5, 15.4; IR (KBr, v, cm™): 2963, 1593, 1506, 1456, 1307, 811, 668; HRMS (APCI) m/z calcd for
C26H22BrO,S [M+H]" 477.0524, found 477.0530.

6,9-Dibromo-2-methyl-11-(p-tolyl)indeno[1,2-c]thiochromene 5,5-dioxide (4bb)

Me,

Q.
" O

’/S\\

O o r

red solid; 83.4 mg, 79% yield; mp: 263-264 °C;'H NMR (400 MHz, CDCl5) (3, ppm): 8.24 (d, J = 8.0 Hz, 1H), 7.91 (d, J
= 8.0 Hz, 1H), 7.46-7.44 (m, 1H), 7.40 (d, J = 7.6 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 1H), 7.14 (d, J =
2 Hz, 1H), 7.02 (s, 1H), 2.50 (s, 3H), 2.07 (s, 3H); 3C NMR (100 MHz, CDCL3) (8, ppm): 147.2, 146.4, 142.7, 142.3,
139.9, 133.0, 131.5, 130.9, 130.5, 130.1, 129.5, 128.2, 128.1, 127.8, 126.3, 125.8, 125.7, 125.4, 124.9, 121.8, 21.7, 21.6;
IR (KBr, v, cm): 3073, 1598, 1505, 1448, 1299, 814, 681; HRMS (APCI) m/z caled for CayHi7Br0,S [M+H]" 528.9296,
found 528.9294.

Compound 4cc

Ph ph  Cl
SgteWacas
o/,|3‘ Br 0”%
o o Br
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red solid; 36.4 mg, isomers 1:1 ratio, 40% yield; mp: 197-199 °C; 'H NMR (400 MHz, CDCl5) (3, ppm): 8.42-8.37 (m,
1H), 8.04-8.01 (m, 1H), 7.59-7.53 (m, 3H), 7.43-7.40 (m, 1H), 7.39-7.30 (m, 2H), 7.27-7.13 (m, 3H), 6.986.92 (m, 1H);
BC NMR (100 MHz, CDCl3) (8, ppm) : 147.7, 147.2, 143.6, 142.2, 141.8, 139.8, 136.6, 135.8, 135.3, 134.6, 134.1, 134.0,
133.9,133.4,132.3, 132.2, 130.9, 130.1, 129.9, 129.8, 129.7, 129.2(3), 129.2(0), 128.7, 128.6, 128.4, 128.3, 128.2, 128.1,
127.4,127.2,125.9, 125.7, 125.0, 125.0, 124.5, 123.9, 123.4, 122.3, 122.2; IR (KBr, v, cm): 3064, 1557, 1506, 1455,
1303, 757, HRMS (APCI) m/z calcd for C»,H,3BrClO,S [M+H]" 454.9508, found 454.9510.

6-Bromo-10-phenylthieno[3',2":4,5]cyclopenta[1,2-c]thiochromene 5,5-dioxide (4ee)

A red solid; 48.4 mg, 55% yield mp: 270-271 °C; '"H NMR (400 MHz, CDCl5) (3, ppm): 8.00-7.98 (m, 1H), 7.58-7.51 (m,
SH), 7.48 (d, J = 4.8 Hz, 1H), 7.30-7.29 (m, 2H), 7.21-7.17 (m, 1H), 6.85 (d, J = 4.8 Hz, 1H); 3C NMR (100 MHz,
CDCl) (6, ppm): 154.1, 144.2, 142.1, 134.6, 134.2, 133.8, 133.4, 132.1, 129.8, 129.5, 129.3, 128.1, 127.7, 125.9, 125.0,
123.2, 121.2, 120.8; IR (KBr, v, cm™): 2963, 1593, 1506, 1456, 1307, 811, 668; HRMS (APCI) m/z caled for
C20H12BrO,S; [M+H]" 425.9384, found 425.9390.

Compound 4ff

711
°°%

red solid; 66.5 mg, 63% yield; mp: 255-256 °C; 'H NMR (400 MHz, CDCls) (8, ppm): 8.18 (d, J = 8 Hz, 1H), 7.75-7.73
(m, 3H), 7.65-7.61 (m, 1H), 7.54-7.45 (m, 4H), 4.30 (d, J = 13.2 Hz, 3H), 4.07 (s, SH); '3C NMR (100 MHz, CDCls) (5,
ppm) : 142.8, 134.0, 133.4, 132.1, 129.5, 128.7, 128.4, 128.2, 122.8, 122.6,100.0, 96.4, 85.7, 81.4, 73.0, 71.0, 70.5; IR
(KBr, v, cnr!): 3049, 1587, 1490,1437, 1304, 795, 704; HRMS (APCI) m/z caled for CasH sBrFeO,S [M+H]" 528.9560,
found 528.9660.

(2aS,5aS,5bR,16bS)-9-Bromo-2a-methyl-15-phenyl-1,2,2a,4,5,5a,5b,6,7,16b-decahydro-3H-cyclopenta[5',6'Jnaphtho[
1',2":5,6]indeno[1,2-c]thiochromen-3-one 10,10-dioxide (4gg)

red solid; 83.6 mg, 70% yield; mp: 264-265 °C; 'H NMR (400 MHz, CDCls) (3, ppm): 8.30 (d, J = 8.4 Hz, 1H), 8.02-8.00
(m, 1H), 7.60-7.54 (m, 3H), 7.39-7.41 (m, 4H), 7.11-7.06 (m, 1H), 6.77 (d, J = 8.0 Hz, 1H), 2.46 (s, 1H), 2.24-2.14 (m,
4H), 1.99-1.95 (m, 2H), 1.72-1.67 (m, 1H), 1.61-1.54 (m, 3H), 1.48-1.43 (m, 3H), 1.16-1.11 (m, 1H), 0.89 (s, 3H); '3C
NMR (100 MHz, CDCls) (6, ppm): 150.3, 145.1, 143.2, 142.5, 141.1, 138.1, 137.6, 134.6, 134.1, 132.9, 132.0, 131.7,
130.1, 130.1, 129.8, 129.5, 129.0, 128.9, 128.7, 128.2, 128.1, 127.6, 127.5, 127.1, 126.8, 126.8, 126.6, 126.2, 125.8,
125.7, 125.2, 125.0, 124.9, 124.1, 123.2, 120.0, 119.6, 119.4, 118.7, 50.5(1), 50.5(6), 47.9, 47.8, 45.0, 36.9, 35.9, 31.6,
27.0, 26.3, 26.2, 26.1, 21.5, 13.9, 13.8; IR (KBr, v, cm™"): 2928, 1701, 1490, 1449, 1307, 823, 702; HRMS (APCI) m/z
caled for C34H30BrOsS [M+H]" 597.1099, found 597.1100.
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(2aS,5aS,5bR,16bS)-9-Bromo-2a-methyl-15-phenyl-1,2,2a,4,5,5a,5b,6,7,16b-decahydrospiro[cyclopenta[5',6 Tnaphtho
[1',2":5,6]indeno[1,2-c]thiochromene-3,2'-[1,3]dioxolane] 10,10-dioxide (4hh)

red solid; 93.6 mg, 73% yield; mp: 267-268 °C; 'H NMR (400 MHz, CDCls) (3, ppm): 8.29 (d, J = 8.0 Hz, 1H), 8.02-8.00
(m, 1H), 7.59-7.54 (m, 3H), 7.39-7.31 (m, 4H), 7.11-7.06 (m, 1H), 6.77 (d, J = 8.4 Hz, 1H), 2.51-2.40 (m, 2H), 2.24-2.06
(m, 6H), 1.99-1.95 (m, 2H), 1.70-1.44 (m, 9H), 0.89 (s, 3H); 13C NMR (100 MHz, CDCl) (5, ppm): 220.6, 150.4, 145.2,
142.6, 141.2, 138.1, 134.7, 134.2, 132.9, 132.1, 130.2, 130.3, 129.9, 129.1, 128.9, 128.2, 128.1, 127.7, 127.5, 126.9,
125.8, 125.2, 125.0, 123.3, 119.6, 50.5(4), 50.5(0), 48.0, 47.8, 45.1, 36.9, 35.9, 31.6, 27.1, 26.2(2), 26.2(8), 21.6, 13.9,
13.8; IR (KBr, v, cm™"): 2928, 1594, 1490, 1449, 1307, 823, 702; HRMS (APCI) m/z calcd for C36H34BrO4S [M+H]"
641.1361, found 641.1360.

6-Chloro-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4ii)
Ph O
(]

S

o’/\\o Cl

red solid; 41.5 mg, 55% yield; mp: 268-269 °C; 'H NMR (400 MHz, CDCI;) (3, ppm): 8.02-7.99 (m, 1H), 7.61-7.55 (m,
4H), 7.46-7.44 (m, 2H), 7.41-7.36 (m, 1H), 7.30-7.27 (m, 3H), 7.21-7.17 (m, 1H), 6.99-6.97 (m, 1H); '*C NMR (100
MHz, CDCls) (3, ppm): 149.6, 145.3, 144.9, 136.1, 133.9, 133.9, 131.7, 131.2, 129.7, 129.5, 128.6, 128.5, 128.4, 128.1,
126.5, 124.1, 122.4, 121.2, 120.7; IR (KBr, v, cm™): 3027, 1575, 1506, 1456, 1299, 760, 668; HRMS (APCI) m/z calcd
for C2oH14C10,S [M+H]* 377.0403, found 377.0404.

6-Chloro-11-(4-ethylphenyl)indeno[1,2-c]thiochromene 5,5-dioxide (4jj)

Et

W,
o

d’s‘b cl

red solid; 46.2 mg, 57% yield; mp: 230-232 °C; 'H NMR (400 MHz, CDCI;) (3, ppm): 8.01-7.99 (m, 1H), 7.56-7.54 (m,
1H), 7.42-7.34 (m, 6H), 7.31-7.27 (m, 2H), 7.24-7.22 (m, 1H), 7.03-7.01 (m, 1H), 2.82-2.77 (m, 2H), 1.37-1.33 (m, 3H);
13C NMR (100 MHz, CDCl5) (8, ppm): 150.0, 145.8, 145.5, 145.0, 136.0, 134.0, 131.7, 131.1, 131.0, 129.1, 128.8, 128.4,
128.3, 128.1, 126.5, 124.0, 122.5, 122.1, 121.1, 120.3, 28.8, 15.3; IR (KBr, v, cm™"): 3037, 1585, 1506, 1456, 1299, 770,
668; HRMS (APCI) m/z caled for C24H;sCl0,S [M+H]" 405.0716, found 405.0726.

3,6-Dichloro-11-phenylindeno[1,2-c]thiochromene 5,5-dioxide (4kk)

Q)
()
Foae

2\

oo
red solid; 40.3 mg, 49% yield mp: 273-274 °C; 'H NMR (400 MHz, CDCl;) (3, ppm): 7.97 (d, J = 2.0 Hz, 1H), 7.62-7.55
(m, 3H), 7.45-7.43 (m, 2H), 7.32-7.30 (m, 2H), 7.25 (s, 1H), 7.21-7013 (m, 2H), 7.00-6.98(m, 1H); 1*C NMR (100 MHz,
S12



CDCl) (6, ppm): 150.2, 145.3, 144.7, 137.3, 134.6, 133.8, 133.6, 132.0, 131.3, 129.8, 129.7, 128.7, 128.0, 127.9, 127.0,
124.1, 122.5, 121.3, 120.3; IR (KBr, v, em™): 3030, 1579, 1506, 1456, 1299, 760, 668; HRMS (APCI) m/z caled for
C2H13CL0,S [M+H]" 411.0013, found 411.0015.

General Procedure for the Synthesis of Products 6.
Example for the synthesis of 6a:

Ph
e O
Z DABCO* (SO,), '
+ 0. // |
® o DCE, 15 °C, Ar o

N2 BF4 Ph //S\\
1a 5a 06;) Ph

To a 10 mL Schlenk tube under Ar conditions, 2-(phenylethynyl)benzenediazonium tetrafluoroborate (1a, 0.22
mmol, 64.2 mg, 1.1 equiv), 1,4-diazabicyclo[2.2.2]octane-bis(sulfur dioxide) adduct (0.22 mmol, 48.4 mg, 1.1
equiv), 1,3-diphenylprop-2-yn-1-one (Sa, 0.2 mmol, 41.2 mg, 1 equiv) and 1,2-dichloroethane (2.5 mL) were
successively added. Then, the tube was stirred at 15 °C for 0.5 h until complete consumption of 5a, as monitored by
TLC analysis. After the reaction was completed, the reaction mixture was concentrated in vacuum and the resulting
residue was purified by column chromatography on silica gel (eluent, petroleum ether/ethyl acetate = 5:1) to afford
the desired product 6a as a red solid.

Amplification Reaction for the Synthesis of 6a

To a 25 mL Schlenk tube under Ar conditions, 2-(phenylethynyl)benzenediazonium tetrafluoroborate (1a, 2.2
mmol, 642 mg, 1.1 equiv), 1,4-diazabicyclo[2.2.2]octane-bis(sulfur dioxide) adduct (2.2 mmol, 484 mg, 1.1 equiv),
1,3-diphenylprop-2-yn-1-one (5a, 2 mmol, 412 mg, 1.0 equiv) and 1,2-dichloroethane (8 mL) were successively
added. Then, the tube was stirred at 15 °C for 0.5 h until complete consumption of 5a, as monitored by TLC
analysis. After the reaction was completed, the reaction mixture was concentrated in vacuum and the resulting
residue was purified by column chromatography on silica gel (eluent, petroleum ether/ethyl acetate = 5:1) to afford
the desired product 6a as a red solid (535 mg, 60% yield).
(5,5-Dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(phenyl)methanone (6a)

red solid; 59.0 mg, 66% yield; mp: 269-270 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.28-8.26 (m, 2H), 8.00 (d, /= 7.6
Hz, 1H), 7.72-7.68 (m, 1H), 7.63-7.54 (m, 5H), 7.51-7.49 (m, 2H), 7.41-7.37 (m, 1H), 7.25-7.16 (m, 3H), 7.03-6.96 (m,
3H); '*C NMR (100 MHz, CDCls) (8, ppm): 188.3, 150.2, 145.0, 143.3, 136.1, 135.6, 135.4, 135.3, 133.8, 132.9, 132.1,
131.0, 130.9(4), 130.9(9), 130.9(8), 129.9(0), 129.9(6), 129.9(5), 129.8(4), 129.8(9), 129.3, 129.0, 128.7, 128.5, 128.4,
128.3(3), 128.3(1), 128.3(0), 128.3(9), 128.3(6), 128.2, 127.0, 124.8, 124.0, 122.8(8), 122.8(7); IR (KBr, v, cnr!): 3064,
1771, 1592, 1506, 1456, 785, 701; HRMS (APCI) m/z calcd for C29H1003S [M+H]" 447.1055, found 447.1059.

(5,5-Dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(p-tolyl)methanone (6b)
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red solid; 64.5 mg, 70% yield; mp: 268-269 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.27-8.25 (m, 2H), 7.99 (d, J = 8.0
Hz, 1H), 7.68 (d, J = 7.2 Hz, 1H), 7.61-7.48 (m, 7H), 7.38-7.35 (m, 1H), 7.21-7.20 (m, 2H), 6.88 (d, J = 7.6 Hz, 1H),
6.77 (d, J = 9.2 Hz, 2H), 2.22 (s, 3H); *C NMR (100 MHz, CDCl;) (5, ppm): 187.7, 150.0, 146.8, 144.9, 143.0, 135.7,
135.5, 133.9, 133.8, 133.0(9), 132.0(2), 131.1, 130.9, 130.0, 129.8, 129.4, 129.0, 128.6, 128.5, 128.3, 127.0, 124.8, 124.0,
122.8, 122.7, 22.1; IR (KBr, v, cm™): 3063, 1733, 1601, 1506, 1456, 818, 705; HRMS (APCI) m/z calcd for Cs3oH»;03S
[M+H]" 461.1211, found 461.1235.

(5,5-Dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(4-ethylphenyl)methanone (6¢)

red solid; 69.4 mg, 73% yield; mp: 267-268 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.18 (d, J = 8.4 Hz, 2H), 7.99 (d, J
= 8.0 Hz, 1H), 7.62-7.56 (m, 3H), 7.51-7.49 (m, 2H), 7.40-7.36 (m, 3H), 7.24-7.16 (m, 3H), 7.06-6.97 (m, 3H), 2.78-2.72
(m, 2H), 1.30-1.23 (m, 3H); 3C NMR (100 MHz, CDCls) (5, ppm): 187.7, 152.8, 150.0, 145.0, 143.0, 135.7, 133.9,
133.9, 133.0, 132.0, 131.2, 130.9, 129.8, 129.7, 129.0, 128.8, 128.7, 128.5, 128.3, 127.0, 124.8, 124.0, 122.8, 122.7, 29.3,
15.0; IR (KBr, v, cm™): 3055, 1771, 1602, 1506, 1456, 824, 699; HRMS (APCI) m/z caled for C3HxuOsS [M+H]*
475.1368, found 475.1373.

(4-(tert-Butyl)phenyl)(5,5-dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)methanone (6d)

red solid; 80.5 mg, 80% yield; mp: 223-224 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.20-8.18 (m, 2H), 7.99 (d, /= 7.6
Hz, 1H), 7.60-7.55 (m, 4H), 7.51-7.49 (m, 2H), 7.38 (s, 2H), 7.23-7.16 (m, 4H), 7.06-7.00 (m, 2H), 1.35 (s, 9H); 13C
NMR (100 MHz, CDCls) (6, ppm): 187.7, 159.5, 150.0, 145.0, 133.9, 133.6, 133.0, 132.0, 130.9, 130.9, 129.8, 129.7,
129.0, 128.7, 128.5, 128.3, 127.0, 126.3, 124.8, 124.0, 122.8, 122.7, 35.6, 31.1; IR (KBr, v, cm™"): 3064, 1771, 1601,
1506, 1456, 826, 701; HRMS (APCI) m/z calcd for Cs33H»703S [M+H]" 503.1681, found 503.1685.

(5,5-Dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(4-methoxyphenyl)methanone (6¢e)

red solid; 60.1 mg, 63% yield; mp: 223-224 °C; 'H NMR (400 MHz, CDCI;) (3, ppm): 8.26-8.22(m, 2H), 8.00 (d, J = 8.0
Hz, 1H), 7.62-7.54 (m, 3H), 7.50-7.48 (m, 2H), 7.40-7.35 (m, 1H), 7.27-7.16 (m, 3H), 7.09-6.96 (m, 5H), 3.89 (s, 3H);
13C NMR (100 MHz, CDCl5) (8, ppm): 186.2, 165.5, 149.9, 144.9, 142.8, 135.7, 135.6, 133.9, 133.5, 133.0, 132.0, 130.9,
129.8, 129.7, 129.4, 129.0, 128.6, 128.5, 128.3, 126.9, 124.8, 124.0, 122.8, 122.7, 114.6, 55.8; IR (KBr, v, cm™): 3064,
1771, 1601, 1506, 1456, 826, 701; HRMS (APCI) m/z calcd for C30H2:04S [M+H]" 477.1161, found 477.1159.

(5,5-Dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(4-fluorophenyl)methanone (6f)
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red solid; 65.1 mg, 70% yield; mp: 293-294 °C; 'H NMR (400 MHz, CDCl5) (3, ppm): 8.33-8.29 (m, 2H), 7.99 (d, J=7.6,
1H), 7.62-7.57 (m, 3H), 7.51-7.48 (m, 2H), 7.41-7.37 (m, 1H), 7.25-7.18 (m, 5H), 7.01-7.00 (m, 3H); *C NMR (100
MHz, CDCL3) (5, ppm): 186.7, 168.5, 165.9 (\cr = 257.6 Hz), 150.4, 145.0(9), 145.0(7), 145.0(6), 143.4, 135.6, 135.5,
134.9, 133.9, 133.8 (*Jcr = 10.0 Hz), 133.7, 133.7, 132.8, 132.8, 132.7, 132.6 (“Jcr = 2.9 Hz), 132.2, 131.2, 129.9, 129.9,
129.8, 128.9, 128.9, 128.7, 128.6, 128.3, 128.3, 128.3(8), 128.3(6), 128.3(5), 128.2(4), 128.2(3), 128.2(2), 127.0, 124.6,
123.9, 122.9, 122.7, 122.7, 116.8, 116.6(*Jcr = 22.2 Hz); IR (KBr, v, cm™): 2925, 1748, 1593, 1507, 1456, 823, 707,
HRMS (APCI) m/z calcd forCaoH sFO3S [M+H]" 465.0961, found 465.0966.

(3-Chlorophenyl)(5,5-dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)methanone (6g)

red solid; 62.5 mg, 65% yield; mp: 240-241 °C; 'H NMR (400 MHz, CDCI;) (3, ppm): 8.25-8.24 (m, 1H), 8.15-8.13 (m,
1H), 7.99 (d, J = 8.0 Hz, 1H), 7.68-7.65 (m, 1H), 7.63-7.57 (m, 3H), 7.52-7.48 (m, 3H), 7.41-7.37 (m, 1H), 7.24— 7.18 (m,
3H), 7.02-6.97 (m, 3H); 3C NMR (100 MHz, CDCl;) (5, ppm): 180.9, 138.0, 136.3, 134.8, 133.7, 132.7, 132.2(1),
132.2(6), 131.3(7), 131.3(3), 129.9, 128.8, 128.6, 128.4, 128.3, 126.7, 126.5, 124.6, 124.3, 123.4, 122.9, 122.7; IR (KBr,
v, em!): 2967, 1771, 1602, 1506, 1456, 833, 702; HRMS (APCI) m/z caled for CooH 3ClO;S [M+H]" 481.0665, found
481.0670.

(4-Bromophenyl)(5,5-dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)methanone (6h)

red solid; 70.2 mg, 67% yield; mp: 242-243 °C;'H NMR (400 MHz, CDCI;) (3, ppm): 8.25-8.24 (m, 1H), 8.15-8.13 (m,
1H), 7.99 (d, J = 8.0 Hz, 1H), 7.68-7.65 (m, 1H), 7.63-7.57 (m, 3H), 7.52-7.48 (m, 3H), 7.41-7.37 (m, 1H), 7.24-7.18 (m,
3H), 7.02-6.97 (m, 3H); *C NMR (100 MHz, CDCL;) (5, ppm): 187.5, 150.5, 145.0, 143.5, 135.5, 135.5, 134.8, 134.7,
134.7, 133.7, 132.7, 132.7, 132.2, 132.2, 131.3, 129.9(9), 129.9(7), 128.9(4), 128.9(3), 128.9(1), 128.9(9), 128.8, 128.6,
128.3(3), 128.2, 127.0, 124.6, 123.9, 122.9, 122.7; IR (KBr, v, cm™"): 2967, 1770, 1619, 1506, 1456, 833, 702; HRMS
(APCI) m/z calcd for C90H1sBrOsS [M+H]" 525.0160, found 525.0170

(9-Bromo-5,5-dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(phenyl)methanone (6i)
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red solid; 78.8 mg, 75% yield; mp: 223-224 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.25-8.23 (m, 2H), 8.00 (d, J = 8.0
Hz, 1H), 7.70 (d, J = 7.2 Hz, 1H), 7.63-7.55 (m, SH), 7.49-7.47 (m, 2H), 7.41 (s, 1H), 7.27-7.23 (m, 2H), 7.13-7.08 (m,
2H), 6.86 (d, J = 8.4 Hz, 1H); 3C NMR (100 MHz, CDCls) (5, ppm): 188.0, 148., 146.8, 142.1, 136.1, 135.9, 135.9,
135.8,135.6, 133.2, 132.2, 131.5, 131.4, 131.2, 130.9, 130.1, 130.1, 129.4, 129.0, 128.5, 128.2(1), 128.2(8), 127.1, 125.9,
125.7(0), 125.7(8), 124.1, 123.9; IR (KB, v, enr'): 3062, 1733, 1622, 1506, 1450, 789, 702; HRMS (APCI) m/z caled
for C2oH;sBrO;S [M+H]" 525.0160, found 525.0171

(9-Methyl-5,5-dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(phenyl)methanone (6j)
Ph
azetn
/
0=3 o

PH
red solid; 73.8 mg, 80% yield; mp: 250-251 °C; 'H NMR (400 MHz, CDCl;) (8, ppm): 8.27-8.25 (m, 2H), 7.99 (d, J = 8.0

Hz, 1H), 7.68 (d, J = 7.2 Hz, 1H), 7.61-7.53 (m, 5H), 7.50-7.48 (m, 2H), 7.38-7.35 (m, 1H), 7.21-7.20 (m, 2H), 6.88 (d, J
=7.6 Hz, 1H), 6.77 (d, J = 9.2 Hz, 2H), 2.22 (s, 3H); *C NMR (100 MHz, CDCl;) (8, ppm): 192.1, 150.2, 141.8, 136.1,
135.7, 135.3, 133.9, 132.0, 130.9, 130.1, 129.8, 129.7, 129.2, 129.1, 129.0, 128.4, 128.3, 126.9, 124.7, 123.93, 123.74,
21.7; IR (KBr, v, em™): 3063, 1771, 1576, 1506, 1457, 770, 703; HRMS (APCI) m/z calcd for C3oH05S [M+H]"
461.1211, found 461.1208.

(5,5-Dioxido-11-(m-tolyl)indeno[1,2-c]thiochromen-6-yl)(4-ethylphenyl)methanone (6k)

red solid; 68.5 mg, 70% yield; mp: 261-262 °C; 'H NMR (400 MHz, CDCl;) (3, ppm): 8.18 (d, J = 8.4 Hz, 2H), 8.00-7.98
(m, 1H), 7.50-7.46 (m, 1H), 7.40-7.36 (m, 4H), 7.29 (d, J = 9.6 Hz, 2H), 7.25-7.15 (m, 3H), 7.05-7.04 (m, 3H), 2.77-2.72
(m, 2H), 2.45 (s, 3H), 1.30-1.26 (m, 3H); °C NMR (100 MHz, CDCls) (8, ppm): 187.8, 152.8, 150.3, 145.0, 143.1, 139.7,
135.7, 135.4, 134.0, 133.8, 133.0, 132.0, 131.2, 130.9, 130.5, 129.7, 129.1, 128.8, 128.7, 128.6, 128.4, 127.0, 125.3,
124.8, 123.9, 122.8, 122.6, 29.3, 21.7, 15.0; IR (KBr, v, cm™"): 3065, 1733, 1590, 1506, 1456, 797, 701; HRMS (APCI)
m/z caled for C3;Ha503S [M+H]* 489.1254, found 489.1254.

(4-Ethylphenyl)(11-(4-ethylphenyl)-5,5-dioxidoindeno[1,2-c]thiochromen-6-yl)methanone (61)

red solid; 71.4 mg, 71% yield; mp: 280-281 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.18 (d, J = 8.4 Hz, 2H), 7.99 (d, J
= 8.0 Hz, 1H), 7.42-7.36 (m, 7H), 7.30 (d, J = 7.6 Hz, 1H), 7.27-7.15 (m, 2H), 7.05-6.96 (m, 3H), 2.83-2.71 (m, 4H),
1.38-1.26 (m, 6H); 1°C NMR (100 MHz, CDCL3) (5, ppm): 187.8, 152.8, 150.4, 146.2, 145.0, 143.2, 135.6, 135.2, 134.0,
133.1, 132.0, 131.2, 130.9, 130.9, 129.3, 128.8, 128.6, 128.4, 127.0, 124.7, 123.9, 122.8, 122.6, 29.3, 28.9, 15.4, 15.0; IR
(KBr, v, cm™): 2967, 1771, 1602, 1506, 1456, 833, 702; HRMS (APCI) m/z caled for C3:Ha705S [M+H]™ 503.1681,
found 503.1680.

(5,5-dioxido-11-phenylindeno[1,2-c]thiochromen-6-yl)(thiophen-2-yl)methanone (6m)
S16



red solid; 65.1 mg, 72% yield; mp: 282-283 °C; 'H NMR (400 MHz, CDCI;) (8, ppm): 8.08-8.07 (m, 1H), 8.01 (d, J = 8.0,
1H), 7.91-7.89 (m, 1H), 7.62-7.56 (m, 3H), 7.50-7.48 (m, 2H), 7.41-7.37 (m, 1H), 7.22-7.18 (m, 5H), 7.06-6.97 (m, 2H);
13C NMR (100 MHz, CDCl5) (8, ppm): 179.5, 150.4, 144.9, 143.5, 138.9, 138.0, 135.6, 134.8, 133.7, 132.9, 132.1, 131.1,
129.8(3), 129.8(2), 129.3, 128.9, 128.8, 128.6, 128.3, 127.0, 124.8, 124.0, 122.9, 122.8; IR (KBr, v, cm™): 2967, 1771,
1600, 1506, 1456, 843, 702; HRMS (APCI) m/z caled for C27H;705S, [M+H]"453.0619, found 453.0620.

S17



86691
900°L1
110" L]
610°L7
681°L1
861°L1
G921
v_.m,_ﬂ
mNm,m._
€€E° L1
6€€"L1
FAZ WA
6SE" L
LLE L
8.E° /1
€8¢/
L6E LT
LEY LA
Oy L
LSy L
8¥G" L

€967/
285,
96G°L
7092
820'8—

¥8€'8
L6E'8
16E'8

So0v'8

-

sloL
7002

sY0E |

~80'C

Azoe |

=60'L

=00'L

40 35 30 25 20 15 10 05 00

55 50 45
1 (ppm)

6.0

6.5

80 75 7.0

8.5

9.0

10.0 95

'"H NMR Spectrum of Compound 4a

S18



8°0¢L

Fatier o X1

vvel—
6'vCl—
S6elL—

AV A S

c8cl—

S6Cl—

ez’
z'Lel—
0zZEL—
8EEL

LyEL—
el

128

134

125

131

f1 (ppm)

a4
6721
521
A%
2821
€821
58211
L8214
6211
L6zl
ZIEL
0°zEL
8'eel
Em@.
yyEL
zerl—
sl
oeri/

-10

50 40 30 20 10

170 150 130 110 9 80 70 60

190

210

1 (ppm)

13C NMR Spectrum of Compound 4a

S19



6EY'c—

€004
N_‘O.NW.
Geo'L
102 L—
LA WAL
wmm,m%
8266
mvc,wV

6.€°8
18€'8
S6E°8

LO¥'8

®00°€

=60°L

FOO'Y |

EG0'Y
Reo')

=E0'L

=00'}

40 35 30 25 20 15 10 05 0.0

45

5.0
1 (ppm)

6.0 55

6.5

95 90 85 80 75 70

10.0

"H NMR Spectrum of Compound 4b

S20



9'0ZL— -
8ZZL— —
6vel—= ===
sz’ — "
m.mﬁw J—
Gg'gel — .

GLzZ— m,mme\‘ = | 0E
Z'IEL -8
96— — L F
eepl— - .%
£8yL— -

uw
0

L'9L

Q4L

zLL

eLL

90z1

A AR

zszl

€21

S8zl

88zl

zogl

c,meM

96EL—

eerL—

w.mik\\

€8yl

-10

80 70 60 50 40 30 20 10

90

110

130

150

170

190

210

1 (ppm)

13C NMR Spectrum of Compound 4b

S21



6LEC—

032018-tuzefl

3

—= =00€ |

- =50} |

m‘.mo.m

801 |

=£0'¢C

=/0€

Lot

FE0'L |

10 05 00 £

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

9.5

10.5

'"H NMR Spectrum of Compound 4¢

S22



v'0zL— —
o
- o
8'¢ecl— -— T
. zveL— =i
ghe— 6421 m— Y N T
- Q 1
A A -— = |
z'8zL— -J - E
o
y0eL— —= [°=
LiEL L
0pEL— — I3
syeL i
o
52
__J
0zl
82211
Zve
6V
v'SZ 1
Z12)]
z'821
z'821
58211
6'821 ]
70l ]
90€l E—
LLEL ==
0ZEL T
0vEl - —
PN ==
96EL— ¥
eerL— -
eGPl T
g8yl

- o
L ©
-
L ©
(o}
L ©
[a2)
L ©
hog
L ©
wn
2]
L O =
© =
=
=
2
o
F2 m
=)
©)
o b
o E o
g E &
= =
= B
~—
o
F R “
(=7
N
o &
Im M
Z
o &
= o Y-
=
(=)
- N
=
o
-
—
o
- <t
—
(=]
=
i
o
- O
—




11022019-TU-QXY

65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

7.0

95 90 85 80 75

10.0

'"H NMR Spectrum of Compound 4d

S24



060'L2}
v65°22)
mmm.qﬁ/
080'SZ)
0vS'S2L
50'22)
9€5'82)
mmm.mﬂw
169'821
L09°6Z1>,
£v9'62)

122

[ ] |
L]
130

f1 (ppm)

126

134

138

166°9LLA
202 LLLA
060°LZ1
$65°2Z L
S99'vZ 11
080'GZ11
0PS'SZ1
¥50° 2211
9€G'8Z L1
£86'8Z L1
169'8ZL
109'6ZL
£Y9'6ZL
12801
801'0€ L
062 L€ Lt
851L'ZEL—
ZIzveEL

CIEVEL

9LL'EP L
950°GtrL—
G5L vl

Cl

11022019-TL

A

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

180

13C NMR Spectrum of Compound 4d

$25



9469
086'9
06691
26691
191 L]
281 /]
S€T L1
862 /]
952 L1
S92 L1
v2e L]
92€ L1
62€ L1
£€€L]
6E€ L]
LYE L]
uers
LYE /]
05€ L1
ySE L1
09€"L1
S9€°L1
L8E'L
LOV'L
szy'L
€Sy'L
205'L
225,
1251
S€5°L
8€G'L
0v0'8

0908~
6.£'8

88€'8

s6e'8

00t'8

6078

11022019-TU-QXY

3.0

4.0

'"H NMR Spectrum of Compound 4e

20 15 10 05 0.0

2.5

3.5

50 45

90 85 80 75 70 65 60 55

9.5

10.5

S26



951211
285221
698111
9z1'SzL
209°GZ 1
195'9Z 11
991221+

2 8z
£62'8Z1
¥69'8Z1F
69,821 F
L2621

Sez'LEl
89¢'LEl
58z°ze L
112 vEL]
1G9'GE L
G161
LY6ZhL-
058 vl

-

086°G¥7L-

11022019-TU-QXY1-C

yas el —
c8S'eel—
S TAR A
¢09'GCL

165'9ZL
moEﬁ/
vve8zl
mmm.mﬁk
y69'821L
692821
LLL6ZL—
SeT'LEL
89¢” oL
£822EL—
2ITYEL
Mm@.mﬂ/
¥S.°6el

-10

125
10

20

f1 (ppm)
30

130

50 40

135
60

70

90 80
S27

1 (ppm)

110

130

13C NMR Spectrum of Compound 4e

190 170 150

210




11022019-TU-QXY

95 90 85 80 75 70 65 6.0 5.5f1 |(5.0 ) 45 40 35 30 25 20 15 10 05 0.0
ppm

10.0

'TH NMR Spectrum of Compound 4f

S28



veG2el— —

ic.mﬁ/
S TATAR\E —t 1

L1S°STL— L&

08€°9ZL" T T

PLL8ZIA _

FASTA T4 — ¥

¥19'82) - ST _

869821 _ °g

9z8'621 3 =

1SL°0€l B

L6E"LEL =3 ]

955ZEL —

256°2EL s

95Z'EEl

£L0VEL

BETVEL @ |1
8€9°1Z11 1
RaAR
710°GZ}1 §
SeTATAR 3
LL1G'STI $
08€'9Z11
x5 4
ATATAR i
Y19'8211 !
8698211
9286211 i
LSL0EL
L6 LE L ]
955Z¢} S |
g6 cel ||||mm I
95Z° €€l _ 3
ELOPEL Iﬂ
6ezveL [
€85°ZVi _
W9 Pl - _
9e8 Pl

11022019-TU-QXY 1
/
0

-10

80 70 60 60 40 30 20 10

90

110

130

150

170

190

210

1 (ppm)

13C NMR Spectrum of Compound 4f

S29



Lee—

G8L9—
99174
v.wr.nw
9G€’.L
SeEv'L
2108
mmo.mV
L¥e'8
_,mN.mN.
09z'8

U

& 150 |

=601
el
uﬁwcw

=00

=00€ |

=00} [

Loe ¢t

=00} 1

0.0

0.5

4.0

30 25 20 15 1.0

3.5

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

'"H NMR Spectrum of Compound 4g

S30



8'le—

L'6LL—
L'€ZL—
mwmrum
L'L2L
z'8zl
0'6ZL
1’621
8Ll
zerl—
9GyL~"
08yl

L'6L—

L'€2)
vanw
PR AR
p'GZL—
VIzL—
A
Loz’
LiSL—
6'6C1—
vyl

125 120
1 (ppm)

130

135

J

70 60 50 40 30 20 10

S31

100 90 80
f1 (ppm)
13C NMR Spectrum of Compound 4g

110

120

140 130

150




ceee~
Clad4e

~<10€ [

~00°€

=80'L [
=v0'L |

wTo.N

S0'L L

=90'}

=L0'}

4.0

4.5

9.5

25 20 15 10 05 00

3.0

35

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

9.0

10.5

"H NMR Spectrum of Compound 4h

S32



g8ty 2
8yl
LGzl .
! N
N.E/ -
: z8el =
o m_mm_% © &
8821~ =<
68217 =
96zl b o
zoel ]
1 5%
Bzl
BEEL Q
el =
9611
g€zl
&
8'vzl
L'Sz)
£'gel
Tl
'8zl
5'8z)
8'8z}
682}
962}
A
LLEL
0zel
6€€l
LYEL
96el
Byl
zevl
2Spl

o
(=]
o
o
[s2]
o
=t
o
u
=
=
=
8 =
=
e
=9
g 8
@)
= %
ok ™
©g g 2
= 2=
=g
S 3
2,
N
&
g =
Z
o &
41...1
o
(oY}
o
[sp]
o
=t
(o ]
[fe]
(=]
w

170



990°¢—

vevr'c—

020" L7
LEO L9
6E0°L
8%0° L
rA 1A
€817/
G992 /4
€LE L
VARWA
[4AWE
62e° L
AR AN
69€°L

68E°L

c06'L—F
Nwm,m\

0.e'8
08e'8
18€°8

¢6e’8

=0’

=00€

10T
#80}

Mmo.v I

90'¢

=10l

=10l

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

9.0

10.0 9.5

'TH NMR Spectrum of Compound 4i

S34



]
peLL— 118
91z L
e gzl
vwﬁ/ b
8PZL 3
£'gzL— =
V'lZL— -— [ wE
6821, ' [Se
¥'oeL— — [
g'1EL~ = N
L yeL— -
w
e
_
peLL— -
g€zl — —
g6zl — 1
6821~ —
goeL” —
3
S6EL— -
gLy~ —
m.mi‘m —1
sy -
g8l

20 10

50 30

150 140 130 120 110 100 90 70
f1 (ppm)

160

13C NMR Spectrum of Compound 4i

S35



——ax

=00€¢ |

=10¢ |

FGoe |

=00} |

=00'L

R A
memo [4

€0'S

=10}

=00} |

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

9.0

9.5

10.5

'"H NMR Spectrum of Compound 4j

S36



£6l—

8'le—

8'8¢—

T T T
130 125 120

f1 (ppm)

T
135

e6LL—
8ezl—
m_vﬁm
N.NNF\

414! \
gevl
rEpi
oGyl
8yl
cevt/

20

40

70

150 140 130 120 110 100 90

160

f1 (ppm)

13C NMR Spectrum of Compound 4j

S37



===

=00€ |

Fl0¢

ELOL |

EL0E |

60°L
0o¢

S0°€

=101

=00 |

40 35 30 25 20 15 10 05 00

55 50 45
f1 (ppm)

6.0

6.5

95 90 85 80 75 70

10.0

'"H NMR Spectrum of Compound 4k

S38



LBLL— &
p'GL— \a
9ZeL—
S
) 9veL— -
L'62— =
o
V21— e
8'L2L-F e
N@NF“M
L'62L i
0ZEL— m
6€EL—
R s
[op]
L'6LL—
9zZeL—
692l
WFA)
mmmf\
v'62l
0zl
AT
9GPi~
L'gvL
mmqnv

20

30

40

10

150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

160

13C NMR Spectrum of Compound 4k

S39



0L8'9—

vl L=
VA
mmm,%
it

160
892°8—
gszg’

|

F00€ |

Feoe
F002

ELOL |
v20s |

002
Eao'L

FLoL

FO0'L T

10.0 9.5

40 35 30 25 20 15 10 05 00

50 45
f1 (ppm)

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

10.5

TH NMR Spectrum of Compound 41

S$40



96LL— -
rGL— &
olz— L®@— — | _
R TARN = |,
L'62— _ i -
A A —= [ £
R 1
zoel” i [P
0ZEL—
B'EEL— = |3
= 2
vreL/ i
.8
96EL— — |
96LL—
12zL— -
zseL— =
9LZL" =
o.NQ\
96EL—
CEvL—
LGyL—
cepl
el

0

1

30

f1 (ppm)

160 150 140 130 120 110 100

170

13C NMR Spectrum of Compound 41

S$41



GEB'Q
8E8'9

9EL'L—
t._mm%
6lLc’.L
€L0'8
SLe'g

¥9¢'8—+
vmm,w\

=00€ |

v 00°€

:00¢ |

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

9.0

10.0 95

'"H NMR Spectrum of Compound 4m

542



i veLL— 118 B
9le— 1721 — _ I —
S
L'6Z2— Pvel— = = -

gz’ - €

oy

LIz — - o

L'8¢L— N

¥oelL— —

6'LE — &

0cel

L'veL— -
yeLL— —
leel— R
g'gel— e —
L'gelL— —
voeL -—
S6EL— -——
gerlL— e
LSyL— —
£8rl -
£8rL

0

20 1

50 30

150 140 130 120 110 100 90 80 70
f1 (ppm)

160

13C NMR Spectrum of Compound 4m

543



-“TUWAF

[

9092017

Bl

=009 |
—J

15 1.0 05 0.0

2.0

25

=== FZLY |

45 40 35 30

5.0
s44

5.5
f1 (ppm)

6.0

70 65
"H NMR Spectrum of Compound 4n

90 85 80 75

9.5

10.5




i
o
. ] e
£GL— & _
g1zL— -
6'¥2L
88— N.mm_‘/ -
g5zl -— 8¢
RTAR - s
- =y
ez — - =
L'gzLl— | ————
v.wmﬂ T -
- - ™
LZeL— -
0'€eL— -
S1ZL—
A
m.mmr.m ;
Eﬁ.\
_v.mﬂ‘\
L'ZEL
Al
Z9Pl—
8oyl
Lyl

70 60 50 40 30 20 10

80

f1 (ppm)
s45

150 140 130 120 110 100 90
13C NMR Spectrum of Compound 4n

160

170



S00°0—

866'9
900°Z
0L
610°L1
681°L1
861°L1
2z L]
S92 L1
pLEL]
Sz L]
£e€°/1
6E€"L]
LbE L]
65€"L1
VeV L]
oL
LS L]
825'L1
€E5°L7
8v5 L1
£96° L+
2861
96G°L~

Lmm aug

$09° 2
8208
mwo.wv

¥8€'8
L6E'8
16€8

S0v'8

032018-tuzcl

mluo”_‘

/90T

»90°C|

>~10C

Aj0¢|

=10'L

=00°}

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

9.5

'"H NMR Spectrum of Compound 40

S46



ZL0'EZL
500°SZ 1
€91°9Z11
61€/211
80°8Z11
801821
evz'8zi|
z92°8zLf
2L262h|
9v6 621"
181°ZEl

10

115

120
20

125
30

f1 (ppm)
40

135 130

50

140
60

70

181121
A YAR
S00°GZ 11
L6Y'STLA
£91°9211
6LE LT 1A
¥80°8214
801821~
A AR
29.°82L
AN AR
9v6'62 1
181°ZEL
95H'ZE L
ZsL'eel

082 ¥EL

TR T T

-

R |

80

f1 (ppm)
s47

150 140 130 120 110 100 90
13C NMR Spectrum of Compound 40

160

170



0sv'e—

L0V L
WL Lq
96121
€L L]
L L]
522 L1
12211
59211
€9€°/1
Z8€" L1
S6¢°L7
clan |
85t LF
29 L%
viv'L

LY.

080'8—
86787
gszs/

=00'€

/E0'L

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

10.0

'TH NMR Spectrum of Compound 4p

548



™ w @D o O~
~ © @D O - «
¥ & BodAN S
~l I S~ |

N N W M@ Iy

by N O I~ 0w

¥ o EH NN Sdd N

N LD A

[ o
I X |
136 132 128 124 120
1 (ppm)
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR Spectrum of Compound 4p

S$49



66’ ¢c—

022§

|

=00'€

25 20 15 10 05 00

3.0

45 40 35

S50

5.0
f1 (ppm)

6.0 55
'TH NMR Spectrum of Compound 4q

6.5

7.0

7.5

8.0

8.5

9.0

10.0 95



o © Mo W0
o Q< v— w
il NN N —
— T T (o]
| YA I

s e S L T
SN~ O 0 W W —
M Eomon NN N
- N e T it e T,
RTRAR, O T

135 130 125 120 115
1 (ppm)

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

13C NMR Spectrum of Compound 4q

S51



mmm.—
mmméW
85€E’L

69.°¢
88.°¢
208°¢

9e8'¢

J

—

=00€ |

Feo0e |

w0l

0L |
Rk

A1

F60'L

EOLL |

4.0

4.5

0.0

0.5

30 25 20 15 1.0

35

50
f1 (ppm)

6.0 55

6.5

7.0

80 75

9.0 85

9.5

10.5

'TH NMR Spectrum of Compound 4r

S$52



£6l—

8'8¢—

§lel—

6zl
N.mﬁ%
gzht
€9zl
vigl—
1'8zZL—
q.mm%
9821

621

zeel—
0eel—
TreL—

128 124
f1 (ppm)

132

136

e by

T

| T

150 140 130 120 110 100 90 70
f1 (ppm)

160

13C NMR Spectrum of Compound 4r

S53



8LC'L—

€10°L
L10°L1
€51/
951" L1
91"/
291"
181" L]
81" L]
92" L1
vEe" L]
86"/
9ve" L1
1GE" L1
SE" L7
L8827
L9¢° 2
IR |
SLe° L,
ey L—

mmm.mW
8€0'8

G8C'8—F
mom,w\.

=006 |

=660

Feoze |

=80°Z
2oz
)

v0'€

=160

860 [

4.0

50 45
f1 (ppm)

9.0

30 25 20 15 10 05 00

35

65 60 55

7.0

7.5

8.0

8.5

10.0 95

'TH NMR Spectrum of Compound 4s

S54



L'E—
26—

L6~
LoeL"

9zl
m.mw_‘w
bizh—
8'8ZL—

125 120 115

130

fl (ppm)

g'lEl—
8'EEL—
Némr\

CEVL—

135

140

-10

10

40

70

110

130

150

170

190

210

f1 (ppm)

13C NMR Spectrum of Compound 4s

S55



061°Lq —
e6l L
661°L]
FAVTAVA
G9¢' /1
€9¢€7/1
69€ /1
GLE /A
€8€° /1
18€" /1
06€" L1
G6E LT 4
L0V L1
(AR-VR
ey’
9zy'Lq
b L1
9G¥/
09"/
¥9b° L]
99%° /1
69" L1
iy A
64" L7
816/
225 /A
865/
A WA
6.5 L§
€852

1652

L09°2

0v0'8—

=l0€ |
L0V
90°¢
L0¢€ |

~£8%

=00'L

oLy'8— =
osrg’

9

p
(9

#

40 35 30 25 20 15 10 05 00

4.5

60 55 5.0
f1 (ppm)
'"H NMR Spectrum of Compound 4t
$56

6.5

75 7.0

8.0

8.5

9.0

10.0 95




Lo0cl—
glel—

128 126 124 122

130

1 (ppm)

160 150 140 130 120 110 100 90 70 60
f1 (ppm)

170

13C NMR Spectrum of Compound 4t

S57



£96°9;
196°91
661°L1
€02 L1
ST L1
812 L1
592" L1
262 L1
16211
L€ L]
81E L1
8LE" L1
€8¢/
€6€°L]
86€ L1
0" L]
2Ly L]
IR
6Ly L]
9zy L
LEY' L
98Y L
8951
145 L
0851
85/
065 L4
657
665 L

£09°2-
20927
V€08~
€508
G508
:m,&
lee's

092018 tugxy

25

Ph

o

QN..I.U

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
f1 (ppm)

9.5

'"H NMR Spectrum of Compound 4u

S58



1817121~
cloect—

S00'SZL—
€9L'9¢21—
¥80'821L~

ov66ZL"

_.w_‘.Nm—M
mmv.mm—\.
cSlLEEL

veES'LEL—

19L°¢vl—

125 120

130
f1 (ppm)

135

140

1811211
ZLO'EZ 1
G00'SZL
L6Y'GZ L
£91°9Z11
AR
¥80°82 11
801'8ZL1
INTATAR
29.'8211
2LL62LA
9v6°6ZLk
gLZel m
95h'Zel

ZSLEslL

082 vEL—
YES LEL—

L9L°evl—

68 9¥L—=
nmc.mv_...\.

20

150 140 130 120 110 100 90 70
f1 (ppm)

160

170

13C NMR Spectrum of Compound 4u

S59



268°€—

002"
SLZ 1
812 /1
S92 11
2LE L]
9/€" /7
88€"/1
Z6€' L7
96€ "/
80V L}

Lev 2/
1108
€66°'¢

10’8
Sb8~
Sor'g”

CO-hde

L

il

=0c'c

Fo0°¢ |

80'L
mﬂmo.m

0y |

60

=001

-0.5

0.0

0.5

35 30 25 20 15 10

4.0

60 55
f1 (ppm)

6.5

7.0

7.5

8.0

8.5

9.0

100 95

'"H NMR Spectrum of Compound 4v

S60



8¥S'¢S—

166°2C17
AYAYAN
2580°GZ11
£80°GZ11
£2€'GZ 1
R EAR
2528211
CEV'8TLA
S18'8¢211
Z88'6Z11
186'62 11
6L0°0EL
620°0¢€L
0S0°0¢€L
¥20°0€L
¥80°0€L
99L°0€1
£0E'ZEL
v#9°ZEL
LEzeeL
ovlvel
vy 8elL
veETYL
£25°Grl
vge LYl
S92'991—

singl

uw

16622}
zeel—
1S0°SZ}
£€80°SZ}
€265
\Sb' L2l
2528zl
mmw.wﬂ%
53 TARN
288'6Z1~
620°0€L
0S0°0€L
v £0"0EL
99108 L
€0£'ZEL \
p#O°ZEL
LITEEL
O ¥EL

oW

132 130 128 126 124

134

136

f1 (ppm)

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

170

13C NMR Spectrum of Compound 4v

S61



e

=00€ |

*00¢ |

=00} |
Fooe |

=00¢

Fo0'e

Fo0°'L

=00} |

1.0 05 00

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

'TH NMR Spectrum of Compound 4w

$62



20

10

30

40

50

60

p'GL— -2
£6LL— =
L'6Z— 8zzl -
662l -
m,vm_‘w s I
9'GZL— — [T
A A = g
v'8ZL— — | o=
— | BT
6LEL— i
£Tel, ]
wmm_‘\ i
£vel A
zsel
o
3
C6hL—
8zl —
8zl
AXAR
1821
m_mmg
&
B'eEyl
GGhh~ 0
9'8pl
osri’

160 150 140 130 120 110 100 90 80 70
f1 (ppm)

170

13C NMR Spectrum of Compound 4w

S63



]

li

L0e

80°'L |

=02
22071

S0¢E |

860

=00}

4.5

5.0
f1 (ppm)

35 30 25 20 15 10 05 00

4.0

95 90 85 80 75 70 65 60 55

10.0

'"H NMR Spectrum of Compound 4x

S64



viel—

9vel

m.vm_,V
09zL—
08cL—

ooel—
€lELl—
9zelL—

6PEL—
egel’

120

125

130

135

f1 (ppm)

viel—
m.vm_‘:xn
09zl
o.mw_ﬂ\.
L'ogl
8'¢el

gevl—

691
0'LvL

20

30

40

50

60

70

80
f1 (ppm)

T

130 120 110 100 90

140

150

10

160

13C NMR Spectrum of Compound 4x

S65



990°¢—

vevre—

020°L7
LEO LA
620/
870"/
2911
€81/
G9¢ /1
662 /1
£1E /1
L1€° Ly
228 1A
628 /A
PASSAN
%m&
68€°L

z06°L—
Nwm.h\

0.8
08€E'8
18€°8

¢6E'8

nETT

—

=00'€

=0t

10.0 95

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

9.0

'"H NMR Spectrum of Compound 4y

S66



L
51z =
L1z

- &

9'0ZL— —~H [+
LTeL— —
EVEY— —
&

9Lel— __ -— &
v.wwv\\w R | g%
A —— N I
L0l
SpeL— — L8
S'6EL— -— L2

90211

LT2

€Yl

8yl

€621

921

28211

'8zl 1

L8214

AR |

IS §

L'0g}

LLEL

elel

SpeL—

S6EL—

STrl—

zer) Q 5

vyl (= -

6Ll %

f1 (ppm)

13C NMR Spectrum of Compound 4y

S67



850°¢—
gle’e—
L0S¢—

028’9
£66'9
6602
6LLL
6¥L°L
0414
S9¢’L
80€°L
8¢e’L
11871
16€°L
68’ L—

9¢c'8
ve'8

M

JL—‘L—.‘JL

F80'€

Eloe |

Fgo'e

A

00}
¥60C

voe |

€0'¢

ELOL

=00L ¢

4.5

f1 (ppm)

-0.5

35 30 25 20 15 10 05 00

4.0

55 5.0

6.0

6.5

80 75 70

8.5

9.0

9.5

10.5

'"H NMR Spectrum of Compound 4z

S68



gLz .

SNW =

gLz
L6LL— —3 [ S
9'€zZlL
9zl -
PR — d=
ouzl— = &
4.4 =t
L'8¢l pre— o
88zl
. 3
A =
v'6sL— -—4 |2
Livl— —

L6LL—

9€gL—

g6z’

LgeL-

zogl

7'6El

Livl

vNﬁW

zerL

LSyl £

6'LYl

20

40

50

60

80

160 150 140 130 120 110 100

170

13C NMR Spectrum of Compound 4z

S69



9000~
800~

89
G869
6¥l°L
19174
S9z'L
1435
vee'sL
6.€°L
66€L
268°L—

09¢°8—r
o.\.w,w.\.

E00€ |

F00°€

ooe

002 |

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

9.0

10.0 95

TH NMR Spectrum of Compound 4aa

S70



105
I

110

115

L'6Ll— -—
geel—
9velL— -—=
9/lcl—r - 3
9'cl - w
c8cl

8'8clL

I
125 120
f1 (ppm)

[
130

135

zoel i
V'eEL— -—t L

140

20

30

40

10

70 60 50

80

f1 (ppm)
s71

150 140 130 120 110 100 90
13C NMR Spectrum of Compound 4aa

160



690°¢—

c05¢—

ﬂ.
<+

r T
M~
P

=80'€

=00°€

4.5

0.0

0.5

20 15 1.0

25

3.0

35

4.0

55 5.0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

9.0

10.0 95

'"H NMR Spectrum of Compound 4bb

S72



=
oLz i
iz ©
o
S
gLzL— — .
! |k
6'vCl— — No
L'STLT |“m o
€9zl =
vzl —=3 [ 8
mmmvﬁ —
70l -—3
g'Lel 3
ﬁ
6651 — —=2 |9
gLzL—
62—
w_mmﬁ -
1'8Z1 -
L'OEL
661
£zl
JRTAAY s
popL— O
ziv1’ =

20

50

70

150 140 130 120 110 100 90

160

13C NMR Spectrum of Compound 4bb

S73



—

il

P2

isomers 1:1 ratio

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
1 (ppm)

9.5

10.5

'"H NMR Spectrum of Compound 4cc

S74



261221
€622211
B6LY'E2L1
688'€Z11
VS VT
186'VC 1
¥00'SZ 1
90.'G211
8€6'SZ}1
261 21
L16€ 1211
€50°8Z11
9918211
22E'8TL
82Y'8211
1298211
199821
mmvmm_‘um
822621
069'6Z1
652621
06862}
890°0¢)
¥68°0€)
2T TeL]
8.22¢11
29E'EE L]
€26'€€11
9L0VEL]
VELVEL]
955 V€11
€51
6€8'GE 11
969'9¢ 11
ZY8'6€1
5L L1
Zieerl
£8G'EVL1
BS1'LY11
8121

688°€2L—
18621
p00'5ZL
902621
z6lLL2LT
Emsﬁh
£50'8Z1
091°8Z14
199°8Z1
661621
822621
0696211
661621
P68'62L
$68°0€L-
ZizzeL
B/ZZEL
£z6°€ElL”

o L L ]

130 126
1 (ppm)

134

138

isomers 1:1 ratio

-10

80 70 60 60 40 30 20 10

90

110

130

150

170

190

210

1 (ppm)

13C NMR Spectrum of Compound 4cc

S75



FACR Y
65891
0L1"L;
| ZA%A
161747
602°L
[ATAVR
§92°L
£62°L1

SIE"Z]

25092018-tugxy

1.0

25 20

35 30

4.0

55

6.0

75 7.0 65

8.0

95 90 85

0.0

0.5

1.5

45

5.0
1 (ppm)

105

'"H NMR Spectrum of Compound 4ee

S76



120

8021~ ¥
zieL— -
A4

0'seL 1
m.mmrw — i |
Ll2L - ]
o.mmk By
£6cl
G'6ZL~t —=at |
86zl 1
LZEI
YEEL !
gecL— = |
Zvel w\\. p—
DYEL

|
|
24

1

|
128
f1 (ppm)

1
|
132

136

09

g
&l
T

8eel~L

=

(3]

a2

=

_—

(SN L
|

70 60 50 40 30 20 10

80
1 (ppm)

140 130 120 110 100 90
13C NMR Spectrum of Compound 4ee
77

150

160




1907 —
99z v —
geey’

_/

Fv0's

Eloe |

FroY

=90°L

heoe [

=00°L |

40 35 30 25 20 15 10 05 00

4.5

5.0
1 (ppm)

6.0 55

6.5

95 90 85 80 75 70

10.0

'"H NMR Spectrum of Compound 4ff

S78



a6 Q0 OT=INT NN
single pulse r|c‘="?iﬂd‘ mied 8lco o0 0 o o
OO NANANNNNN

’i|_ T T YT T T T oA

—100.0
—96.4
—85.7
—81.4

| Illm I | 1 |
j AR li. 1 : A

cow (o))
"M — O M~
M~~~ 0
ST
q6 @ O — U O ©
single pdlse defond @l oo aah o
e gilse dgohRl Gl
- T T YT T YT T
| SN N Y

T T T T T T
150 140 130 120 110
f1 (ppm)

150 140 130 120 10 100 90 80
1 (ppm)

70 60 50 40 30 20 10

13C NMR Spectrum of Compound 4ff

S79



(|

=00¢
FLOL |

=60°€

“EE |

FG0'¢

Fesoy |

E60°L

=LOL T

ELL

Foy |

=8lL'E

6L

=E0'L |

9.0

1.0 05 0.0

1.5

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

8.0

8.5

10.0 9.5

TH NMR Spectrum of Compound 4gg

S80



T2

05zl
N.mNL,
1Szl

g9z
SN_/
@.RL#
1821

ze>
6821
o,mﬁw
8'621

L0l

4°0€L

ozl
pzeL”
F el
DYEL—

126

130

134

f1 (ppm)

il

hju‘jll-'l

] Il
ik
130

I

il

I
)

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

120

160 150 140

170

13C NMR Spectrum of Compound 4gg

S81



S

=Ll

=20t

=60'1L

—€0'¢

=80°'L |

EGOp |

=00} |

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

9.0

10.0 95

'"H NMR Spectrum of Compound 4hh

582



leezl *_

€96vCL {

SaFEi 6¥.LSCl {
8089¢1 -—i[

...:mw.m_‘v. Z6¥° 121 .|M
o_.m,_‘mv 0e9'Lel |ﬂ-

=

122

126

209°LZ £90'8¢l _
86192 5918l =]
16692 9/8'82L~" T
9951~ £€0'6ZL— =0
1S8°6E~— vom‘mm_(% i

Lol
130
f1 (ppm)

8y8'9c~ qummr
o i
HAALAN &SNQ\ .
{SLLy pegzeL e
B4,  Fevve [
L0505 285°vel |
490'8EL AT

134

|
1
138

£G5B 111
LZ'EZ I
R AR
G/1'GZI
IR TAR
AL TAR
808'9Z}1
0502211
267 L)
0€9°2Z11
190°8Z 11
G91'8Z1
199'8Z 11
9/8'8z1%
€E0'6ZIE
615°6ZL-F
¥08'62Z 1
G90°0€}-
#01°0E1
1£0°2€ 1L
¥88'ZE 1
LELYELS
18G°VEL
89G° €1
450'8€11
BYL LY
125°2h L
20T €Y
501 'GhL
Jze 051

Lol )

Aot il o dntin i il Mol

=

B B O

-

70 60 50 40 30 20 10

80

1 (ppm)
$83

160 150 140 130 120 110 100 90
13C NMR Spectrum of Compound 4hh

170




—

=00'L

=01 |

2G0'E
LO°L
00'e +

-4 7

9.0

0.0

0.5

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

8.0

8.5

10.0 9.5

'TH NMR Spectrum of Compound 4ii

S84



PN

'Lz —V
veel—
ovel—
§9¢l—
v'8cl

m.mN_‘W
L'6¢cl

6'€EL—
L'9gL—

125 120 115
f1 (ppm)

130

135

20

30

T

40

10

150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

160

13C NMR Spectrum of Compound 4ii

S85



mmm,_‘
Nmm._‘W
LLEL

991°¢
§8.°¢
v08'¢
€28°¢

500°2
600'Z
510°Z
810',
020'Z
920',
|2z l—
SN,T\\
gee’/
688'L
166°L
8008
1108

F00'€ |

Fzoe |

=20l

=90} ¢

202
g6

FS0'L

9.0

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

8.5

100 95

'"H NMR Spectrum of Compound 4jj

586



€GlL—

8'82—

€0ct
L'Lek
Léel N |

rzeL~t —
0vZl— -—
§9ZL— —
A ——
60€L— =

ovEL— -
09€L— -

115 110 105
1 (ppm)

125

135

-10

40 20

50

an

190 170 180 130 10

210

13C NMR Spectrum of Compound 4jj

S87



-1.5

-1.0

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

9.0

9.5

'"H NMR Spectrum of Compound 4kk

588



135 130 125 120 115 110
f1 (ppm)

140

AT

70 60 50 40 30 20 10

80
S89

130 120 110 100 90
f1 (ppm)
13C NMR Spectrum of Compound 4kk

140

150



Fooe

Fgoe |

=€0'L

ieps |

=00}

FlLoe 1

0.0

0.5

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

9.5

10.5

'"H NMR Spectrum of Compound 6a

S90



822l
82l
0beL1
8veL1
0224
2’8211
€821
€821
€821
€821
€821
€821
58211
L8211
06211
€621
86211
86211
6'6211
66211
66211
6011
6'0E 11
6'0E11
0'1EL
128}
62€ 1
8'€El
£GEL
p'gel

9gel

L'ogL—

€evl—
¢08l—

£88lL—

82zl
MW.NNLﬂ
RCARN
gvzL—
02—
€8zl
m.mﬂﬂ
8621
6621
0LEL
£'gel

LEvlL—
0syl—

¢'0SL—

-10

125
10

135
f1 (ppm)
30 20

145
40

50

155
60

70

M

90 80

100
S91

180 170 160 150 140 130 120 110
f1 (ppm)
13C NMR Spectrum of Compound 6a

190

210 200



0gg'¢c—

95.'9

602" .+
Ga¢ 11
[ASIOWE
€9€° /1
€48 /7
Z8€" L
8¢ 2
SLt LA

— = 00€ |

uw,.mom I
mo_‘
=L0¢ |

YA
Y61 L
6611
08524
675 L
695 L
¥86G°2-
986/
¥65" 2
z19'2]
199°/1
589°/1
8161
8667/
981
052°81
mmm gl

T T

0L
=== hepy

u_,.mo._' I

= ™90t

-80C |

45 4.0

30 25 20 15 10 05 00 -05

3.5

85 80 75 7.0 65 60 55 50
f1 (ppm)

9.0

9.5

10.5

"H NMR Spectrum of Compound 6b

592



L'ge—

L'TT
8221
02
8T
69211
XTAR
5821
9821
0'6211
L6214
8621
00}
6701
b L
ozeld
PR §
g'eel

6€El

SGel

L'SEL

0erl—
6L

m‘wﬁm
0'05L

L'48l—

1221
m.NNF%
0zt
gvzL—
6921 —
S'8ZL7
o,mﬁ\
g6zl

6'0El

0zel

0OErl—~
6L~
89—

00S5L—

130 120
1 (ppm)

140

150

180 170 160 150 140 130 120 110 f}[}O )90 80 70 60 50 40 30 20 10
pPpm

190

13C NMR Spectrum of Compound 6b

593



8LL¢e
FAY A
96.°¢

Gll'¢C

996°9
$86'91
00" L1
Zv0° L1
190"
0912
YAVE
961"/
XA
122 1
Zve L
59214
LOE J~§

Ly

A

18E'L—

mmm,h\.
86°L
¥00'8
N\._‘,m“\
€618

F60€ [

F00¢ 1

9.0

45 40 35 30 25 20 15 10 05 00

5.0

80 75 70 65 60 55
1 (ppm)

8.5

10.0 95

'"H NMR Spectrum of Compound 6¢

S94



0SL—

£6c—

L¢Cl
[RAAS
IRAS
el
69214
€8¢l
G'8clA
9'8¢1
8'8Cl|
[ITAR

m,mﬂ\
0l —
m.wiw
0051/
8'Z51

L'l8l—

120

130

1 (ppm)

140
20

40

150

60

160

80

180 160 I14U' I120I .100I
f1 (ppm)
13C NMR Spectrum of Compound 6¢
$95

200

220

240




—

LSE'L—

=006 |

10°¢
Wmmo..v

/602 [

=c0'¢

R0 |

=90}

=90¢C |

9.0

10.0

1.0 05 0.0

1.5

65 60 55 50 45 40 35 30 25 20
1 (ppm)

7.0

7.5

8.0

8.5

9.5

105

'"H NMR Spectrum of Compound 6d

596



920'L€
qm:mv
10668~

vE9CCL
SN AAS
ELB'ECLT
64L vl

E S i aw Al

968'9Z 11
6928211
€EV'8ZL 1
5198211
0968211
9626211
9896211
0.L'6211
L¥8'0E L7
S98°LE1

Go6°LEL
9/l ¢l
b

0.62€L
1SSEEL
vL8'EEL
099°G€L-
€962V \
v68 vyl
056'671
Zry'65L—

S TAS A S

11022019-TU-QXY-C

-10

80 70 60 60 40 30 20 10

90

110

130

150

170

190

210

1 (ppm)

13C NMR Spectrum of Compound 6d

S97



S68'c—

28691
56691
L€0'Z1
IR
8LL "L
1612
022"
STV
IR |
686" L[
vy L
R

cow,m.\
§86'L—

£€eC'8
0€eT'8
Zse's

6528

Fv0o'e

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

9.5

10.0

'"H NMR Spectrum of Compound 6e

598



9//'6G—

009 vLL—

899'¢ClL

186'€C FW
Nwm..wwe/.
08¥'82L~;

S00'6CL7 —
@Nh.@m—%l m—

7060}
oeo'eel

6L e~
Pre vyl —

68’67l —

S

130
f1 (ppm)

110

120

140

150

009'¥LL—

899221 —
08¥'82L—
0601~

6L ZrL—
R
686717

L8¥'G9L—

991981l —

220 200 180 160 140 120 100 80 60 40
1 (ppm)

240

13C NMR Spectrum of Compound 6e

S99



=60'€

=001

FE0'S |

=€0¢C |

40 35 30 25 20 15 10 05 00

4.5

5.0

90 85 80 75 70 65 60 55
1 (ppm)

9.5

10.5

'TH NMR Spectrum of Compound 6f

S100



¢sS9LL

vLL9L _'V.
809 ¥~
682 82L—

YLL9L1
YELCC LT
809'1C 11
454 TS
1928211
9ce'8e 1
LE6'8Z L
998'6¢ 1

[AIANS
L6L°CE LA
CBIEEL}

99gErL—

5558817

100 50
f1 (ppm)

150

200

250

A

ZsLeel

99€°EPL—
856°¥PL
clevrl

Ov6'G9L~
2es'89L—"

119'98L—

220 200 180 160 140 120 100 80 60 40
1 (ppm)

240

13C NMR Spectrum of Compound 6f

5101



99697
€869
76691
000°L
[ANWA
GLOZT
€812
981"/
FAVTAVR
S02 .1
¥ee .
lee L
(AR
B6EC L]
Lve L
STV
€LE/]
08€'Z1
18€"/1
P6E L
(0}
L0V LA
vl L
08¥'L1
261" L1
961" L1
66121
G09S .1
G
916/
815/
€156 /1
85" L

985/
265,
£09'2
0L9'2
9z9',
0592
€592
G592
859/
0.9'2
€192
Gl9° /-
8.9/
8/6°L-
866'/
1Z1°8
L8
¥EL'8
1vl'8
15181
£G1°81
Tl

¥ 8
BY2'g

n

Bo

Mf

00¢ |

L0'E

80'L |

L0

0L |

00°L

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

9.5

10.5

'"H NMR Spectrum of Compound 6g

5102



ozl
m.mmv/
m.mNFM = |
6'S21 = -]
WAt ]
29ZL~ o
m.mmﬁm .M =
ozl = .
veeLif | E
G ] e ]
LOEL 0T
66EL- = | =
N..mm;
v EEL]
FAAA R o
zEeL] B
9'GE L _]
66t T
_J
)
6'€2LT
(R7AR
1’52
1’52
6'GZ L
(WrAR
FATAR
FATAR
G821
06z ~
v'6ZLF
L0~ -
LosL-f
60€LF
A% |
P LEL
slelf
A
ZectL
96eL]
96eL]
65€L
65EL]
19¢ 1
LEvL]
8L
L8yl

0'88L—

5

pul

single

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

200

1 (ppm)

13C NMR Spectrum of Compound 6g

5103



L B I

10.0 95

35 30 25 20 15 10 05 00 -05

4.0

85 80 75 70 65 6.0

9.0

'"H NMR Spectrum of Compound 6h

5104



v12'22h
Y6221
626'€21 1
8851211
£00'2211
8118211
8818211
L0Z'8211
1128211
9228211
962'82 11
V28211
952'8211
8128211
1628211
L0€'8Z1
Z1E'821 1
12€'821
LE€'8Z1
909821
1S1'821
1688211
1168211
5268211
E6'821 1
1186211
188'6Z 11
8vZ LEL
691°Z€L
el
ZLLTEL
evLZEL w

Z99°e€L
€89 7€ L
969'VEL-
1Z8'¥EL
mom.mm;
L1G'GEL

ZrS Pl
¥96' 7L
6¥'0G1-
Ly 181 —

il

=

single pulse decoupled gated NOE

b

b6'2ZL
626'€Z)
885vZ1
100°22)
8/2'8Z1
909'8Z}
152°821
11682}
\ /8621
188621
P LEL
69121
NEAZAS
1L TEL
€126 1
290°€E L

T

e |

N.th,vm_@
V6 vyl

S

140 130 120
f1 (ppm)

150

160

» -

-40

-20

220 200 180 160 140 120 100 80 60 40 20
1 (ppm)

240

13C NMR Spectrum of Compound 6h

5105



S¥8'9

@wm.mur
980°L—
LG L~
L9 i—

wNw.n._‘,L1
066°L—

LEC'8
vmw.wwﬂ
¢se'8

0.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
1 (ppm)

10.0

'TH NMR Spectrum of Compound 6i

.19

5106



662
0¥z
1'SZL
JRTAR
66211
TR
28211
ATAR
G'8Z1
06211
AN
L'0E 1
L'0E1
60¢)1
ZLE1
pLeil
gLEl
zzel
zecl
9°6eL
9'6eL
6°GEL-
6°GEL
}'9E L
LZhi
80P
L8yl
0'88L—

T\ e

single pulse decoupled gated NOE

1

120

1
|
130

oW
2]
™
~—
L
II
il

-—
L]
[32]
el
L
r
i

f1 (ppm)

3
140

o~
o
ot
I
150

-40

M

Br

80

100
1 (ppm)

120

200

240

-20

20

40

60

160 140

180

220

13C NMR Spectrum of Compound 6i

5107



0zz'z— < =00¢ }
4

9529

mt,}

6989\ —_Jusoz |

888'9— -——= =60}

00Z'/— =902 |

z8¢ L — Mmoe

6¥5 L— E== m@m

816'L— —— =60’}

vz =50z |

omm,&.

1928

9.0

10.0 95

10.5

65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

7.0

7.5

8.0

8.5

'"H NMR Spectrum of Compound 6

5108



09

L'ECL
6'€2l &
L'vel

lle— 6921 ]
m.mw_,/ ]
v'ecl G
o.mm_,/ 7
_‘.bm_.W. 3 -
zee =88
h.@N_‘%\\ _] =2
8'6cCL =
66l \ LS
0Zel \ H -
6'EEL
€'gEl -
L8eL 3
L'9gl —
g/

L'€Cl

6'€Cl

el

6°9¢1

€821

& A%

062l

N TAS

¢'62lq

L6l

86211

L'0EL§

6°0EL L

0ZELAE

6€EL—

£'Gel

L'GEl

L'9EL

8Ll

ZBsl—

single

ol

IllL

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

180

13C NMR Spectrum of Compound 6

5109



8621
LLe)
962}

~

1 £14%

9L
SegL'e
vslL'e
€LL°C

=Z0E |

=00'€

0T

FLoe

Fioe |

Ty |

=101

F00¢ |

0.0

0.5

40 35 30 25 20 1.5 1.0

45
1 (ppm)

90 85 80 75 70 65 60 55 50

9.5

'"H NMR Spectrum of Compound 6k

5110



0SL—
9le—
£6c—

9221
87211
6'€2L1
ERAR
€621
02211
8211
9'82L1
L8zl
8'8ZLF
L'6CL-F
L6217
goeLf
60€L
Z’eL
0'ZEL
IRSAR

n.mm_‘._

L'I8l—

135

f1 (ppm)

155

125

145

A

80

220 200 180 160 140 120 100 60 40
1 (ppm)

240

13C NMR Spectrum of Compound 6k

S111



mmw,r
mNN._‘W.
62’1
18€°)
98¢’
SlE°L

vLie
€eL’e
¢SL'e
clle
Z6l’e
L8
0es’e

956°9
G16'91
¥66'91
900°Z1
520'L1
0€0'Z1
6v0' L7

€51°L7
VL.
0612
50Z°L \
9L
8161
866'L

8918
6818

Fe09 |

Fooy |

1.0 05 0.0

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20

-1.0

1.5

1 (ppm)

9.5

10.5

TH NMR Spectrum of Compound 61

5112



8°L8l—

150 140 130 120 110 100
f1 (ppm)

160

220 200 180 160 140 120 100 80 60 40
1 (ppm)

240

13C NMR Spectrum of Compound 61

5113



£80°'8”

hlm

F80¢

606 |

=00'L
€02

=81 |

200'L

€0°L |

50 45 40 35 30 25 20 15 1.0 05 00

55
1 (ppm)

6.0

6.5

80 75 70

8.5

9.0

9.5

10.5

'"H NMR Spectrum of Compound 6m

S114



1082217
G06'22LA | ©
9/6°€211 s
A4 R AR
BL6'9ZLY B
Nom.mmjw AT~
LyS 8Tt —
608°8Z 1~ =
626'921F ——= 8¢
AT A \ = w
rE8'6Z1 —Lg"

2082211 bl S N

08/ 221 0LS'EVL o

9/6°€Z 11 . o

A R TAR cet'0SL— 1w

6.6'9Z11

Z0E'8Z 11 &

LS 8Z 1 - ©

608'8Z 11

626'821 1

ZTATAR

2296211

$£8'62Z 11

bl LE LT

Z80°ZE L1

806'ZE 4

2€L€E1A

SB.L P LA

195°GEL

186°LEL

G068l

0LG'ePL

mmm.wiw

ZzZy0SL—

95y 6.1 —

Ph

100 80

1 (ppm)

120

140

220 200

240

-40

-20

20

40

60

160

180

13C NMR Spectrum of Compound 6m

5115



