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1. General Remarks

NMR spectra were recorded on BRUKER AVANCE I1I 400 or BRUKER AVANCE III
600. CDCI3 was used as the solvent. Chemical shifts were referenced relative to residual
solvent signal (CDCls: 'H NMR: ¢ 7.26 ppm, '3C NMR: § 77.16 ppm). The following
abbreviations are used to describe peak patterns where appropriate: br = broad, s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet. Coupling constants (J) are
reported in Hertz (Hz). Electrospray-ionization (ESI) mass spectra were obtained on
AB Sciex LC 30A-Triple TOF 4600 apparatus. All systems are equipped with time-of-
flight (TOF) analyzers. Melting points were measured with micro melting point
apparatus. Platinum electrodes (10 mm x 25 mm x 0.25 mm, 99.9%; obtained from
ChemPur® Karlsruhe, Germany) and graphite felt (GF) electrodes (10 mm x 25 mm X
6 mm, SIGRACELL® GFA 6 EA, obtained from SGL Carbon, Wiesbaden, Germany)
were connected using stainless steel adapters. CV studies were performed using a
Metrohm Autolab PGSTAT204 workstation and Nova 2.1 software. Unless otherwise
noted, some materials (or alternatively chemicals) obtained from commercial suppliers
were used directly without further purification. Alkynones 1 were prepared according

to the literatures.!"?)
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Table S—1. Scopes of Alkynones 1 and sodium sulfinate 2.
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Table S—2. Optimization of the cascade cyclization/sulfonylation.[

O o o r’ﬁ O Ts
S, Pt
sGuRont S0
OMe Eletrolyte, CCE =4 mA OMe
Me Solvent, T, 6 h O

MeO 1a 2a MeO 3a
Entry Solvent Eletrolyte T/°C Yield / %
1 EtOH/H>0 (3:1) EtuNCIO4 50 0
2 DMEF/H,0 (3:1) EtsNCI1O4 50 0
3 1,4-Dioxane/H>O (3:1) Et4NCl1O4 50 39
4 DCE/MeCN/H-0 (5:5:1) EtuNCIO4 50 37
5 MeCN/H20 (3:1) EtuNCIO4 50 73
6 MeCN/H20 (3:1) n-BugNI 50 32
7 MeCN/H20 (3:1) n-BusNPFs 50 56
8 MeCN/H>O (3:1) n-BusNBF4 50 64
9 MeCN/H>O (3:1) n-BusNClO4 50 43
10 MeCN/H0 (3:1) - 50 55
110°] MeCN/H0 (3:1) EtsNCI1O4 50 68
12 MeCN/H20 (3:1) EtuNCIO4 25 0
13 MeCN/H20 (3:1) EtuNCIO4 60 50
14[c] MeCN/H0 (3:1) EtsNCI1O4 50 32
150 MeCN/H:0 (3:1) EtsNCI1O4 50 60
16t MeCN/H,0 (3:1) EtuNCIO4 50 54
171 MeCN/H,0 (3:1) EtuNCIO4 50
18l MeCN/H0 (3:1) EtsNCI1O4 50

[a] Undivided cell, GF anode, Pt cathode, constant current = 4 mA, 1a (0.30 mmol), 2a (0.60 mmol, 2.0 equiv),
eletrolyte (0.1 M), solvent (4 mL), under air, 6 h, 3.0 Fmol. Yield of isolated products. [b] 2a (0.60 mmol, 2.0
equiv). [c] CCE = 3 mA. [d] CCE = 6 mA. [e] GF(+)|Ni(-) instead of GF(+)[Pt(-). [f] Pt(+)|Pt(-) instead of
GF(+)[Pt(-). [g] No electricity.
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2. General Procedure for Cascade Cyclization/Sulfonylation.

0
s o L Al 00 "
\ + P
Ph R™ ONa Et,NCIO, (0.1 M)
MeCN/H,0 (3:1)

50°C, 4 mA, 6 h
1 2 3or4

wn=

The electrocatalysis was carried out in an undivided cell under air with a graphite felt
(GF) anode (10 mm x 25 mm x 6 mm) and a platinum cathode (10 mm % 25 mm % 0.25
mm). Biarylynone 1 (0.3 mmol, 1.0 equiv), [R'SO:Na (2, 0.6 mmol, 2.0 equiv) and
Et4sNCIO4 (92 mg, 0.1 M) were dissolved in a mixture of MeCN /H>O (3:1, 4 mL).
Electrocatalysis was performed at 50 °C with a constant current of 4.0 mA maintained
for 6 h. The GF anode was washed with ethyl acetate (3 X 5 mL) in an ultrasonic bath
and transfered to the round bottom flask with the crude reaction solution. Silica was
added to the flask and all volatiles were evaporated under vacuum. Purification was
performed by flash column chromatography on silica gel using petroleum ether/ EtOAc

as the eluent to give the corresponding products 3 or 4.
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3. Characterization Data of All the Synthesized Products (3, 4 and 12)

O Ts
CO Ph
O OMe

3a MeO
8,10-Dimethoxy-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3a)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3a (108.6 mg, 73%) as a yellow oil. 'H NMR (600 MHz, CDCls)
57.84(d,J=7.9 Hz, 1H), 7.66 (td, J = 7.6, 1.6 Hz, 1H), 7.55-7.50 (m, 2H), 7.17 (dd,
J=7.4,74Hz, 2H), 7.07 (d, J = 8.3 Hz, 3H), 6.92 (d, J = 8.1 Hz, 2H), 6.68 (d, J = 2.4
Hz, 1H), 6.30 (d, J = 2.4 Hz, 1H), 3.82 (s, 3H), 3.18 (s, 3H), 2.27 (s, 3H). 3C NMR
(151 MHz, CDCIs) ¢ 193.6, 161.3, 160.7, 146.9, 145.1, 143.5, 142.2, 140.3, 138.9,
138.3, 135.8, 131.2, 128.9, 128.8, 128.1, 128.0, 127.9, 126.8, 125.5, 118.3, 106.9, 99.6,
55.6, 55.6, 21.6. HR-MS (ESI) m/z calc. for CaoH250sS [M+H]": 497.1417, found:
497.1398.

O Ts
OO Ph
3b O t-Bu

9-(tert-Butyl)-7-phenyl-6-tosyl-SH-dibenzo|a,c][7]annulen-5-one (3b)

The general procedure was followed using 1b (101.4 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3b (69.4 mg, 47%) as a yellow solid. M.p.: 93-95 <. 'H NMR
(600 MHz, CDCls) 6 7.79 (d, J = 7.8 Hz, 1H), 7.67 (td, J = 7.7, 1.3 Hz, 1H), 7.61 (d, J
= 8.4 Hz, 1H), 7.51 (dd, J = 7.5, 0.8 Hz, 1H), 7.49-7.43 (m, 4H), 7.38 (dd, J = 7.4, 7.4
Hz, 1H), 7.34 (dd, J = 7.6, 1.1 Hz, 1H), 7.16 (s, 1H), 7.12 (d, J = 8.1 Hz, 2H), 6.94 (d,
J=2.1Hz, 1H), 2.38 (s, 3H), 1.08 (s, 9H). 13C NMR (151 MHz, CDCl3) 5 193.8, 150.4,
150.0, 144.4,144.1, 142.7, 138.7, 137.6, 135.6, 135.4, 134.5, 131.4, 130.8, 129.8, 129.2,
129.0, 128.9, 1285, 127.4, 125.3, 34.6, 30.9, 21.7. HR-MS (ESI) m/z calc. for
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C32H2003S [M+H]": 493.1832, found: 493.1814.

O Ts

O Ph
O 0 Me

3¢ Me

8,10-Dimethyl-7-phenyl-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one (3¢)
The general procedure was followed using 1c (93.0 mg, 0.30 mmol) and 2a (107.0 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3c (44.6 mg, 32%) as a yellow solid. M.p.: 107-109 <T.'H NMR
(600 MHz, CDCls) § 7.83 (d, J = 7.7 Hz, 1H), 7.66 (td, J = 7.6, 1.8 Hz, 1H), 7.52—7.49
(m, 1H), 7.48 (dd, J = 7.5, 1.7 Hz, 1H), 7.23-7.20 (m, 2H), 7.08 (s, 3H), 6.88 (d, J =
8.4 Hz, 2H), 6.85 (s, 1H), 6.83 (d, J = 8.4 Hz, 2H), 2.32 (s, 3H), 2.23 (s, 3H), 1.73 (s,
3H). 3C NMR (151 MHz, CDClIs) 6 193.3, 147.5, 145.3, 143.8, 143.6, 139.8, 139.6,
138.6, 138.3, 137.2, 136.9, 132.5, 131.7, 131.2, 129.2, 129.0, 128.8, 128.2, 128.0, 127.8,

127.4,1255,23.2,21.5,21.3. HR-MS (El) m/z calc. for C3oH2503S [M+H]*: 465.1519,
found: 465.1499.

0 Ts
o0

7-Phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3d)

The general procedure was followed using 1d (84.6 mg, 0.30 mmol) and 2a (107.0 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3d (32.7 mg, 25%) as a yellow solid. M.p.: 96-98 <T.'H NMR
(600 MHz, CDCls) & 7.80 (d, J = 7.7 Hz, 1H), 7.70-7.66 (m, 2H), 7.53 (td, J = 7.5, 0.8
Hz, 2H), 7.46-7.43 (m, 4H), 7.38 (dd, J = 7.3, 7.3 Hz, 2H), 7.34 (dd, J = 7.6, 1.2 Hz,
1H), 7.23-7.20 (m, 2H), 7.13 (d, J = 8.2 Hz, 2H), 6.97 (dd, J = 8.1, 1.2 Hz, 1H), 2.38
(s,3H). 3C NMR (151 MHz, CDCl3) 6 193.6, 149.4, 144.7, 144.2, 143.3, 138.7, 138.4,
137.4,135.5,134.9, 132.7,131.5, 131.2, 130.1, 129.3, 129.1, 128.9, 128.8, 128.7, 127.6,
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125.4, 21.7. HR-MS (ESI) m/z calc. for CzsH2103S [M+H]": 437.1206, found:
437.1191.

O Ts

CO Ph

3e 0 Me
9-Methyl-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3¢)
The general procedure was followed using 1e (88.8 mg, 0.30 mmol) and 2a (107.0 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3e (21.6 mg, 16%) as a yellow solid. M.p.: 190-192 <C. 'H NMR
(600 MHz, CDCl3) 6 7.80 (d, J = 7.9 Hz, 1H), 7.68 (td, J = 7.7, 1.3 Hz, 1H), 7.58 (d, J
=8.1 Hz, 1H), 7.52 (td, J = 7.5, 0.8 Hz, 2H), 7.45 (d, J = 8.3 Hz, 3H), 7.41 (dd, J = 7.3,
7.3 Hz, 1H), 7.34 (dd, J = 7.6, 1.1 Hz, 1H), 7.27 (d, J = 1.2 Hz, 1H), 7.18 (s. 1H), 7.14
(d, J = 8.1 Hz, 2H), 6.76 (s, 1H), 6.57 (s, 1H), 2.40 (s, 3H), 2.21 (s, 3H). 3C NMR
(151 MHz, CDCl3) ¢ 193.7, 149.6, 144.4, 144.1, 143.1, 138.7, 137.5, 137.4, 135.8,
135.5,134.7,132.9,131.4,131.2,131.2, 129.2, 129.1, 128.8, 128.5, 128.5, 125.3, 21.7,

21.2. HR-MS (ESI) m/z calc. for C29H2303S [M+H]": 451.1363, found: 451.1358.
O

O‘ Ts
MeO ‘ Ph

MeO

O 3f

(S)-2,3-dimethoxy-3'-tosyl-4'"H-spiro[cyclohexane-1,1'-naphthalene]-2,5-diene-
4,4'-dione (3f)
The general procedure was followed using 1f (111.6 mg, 0.30 mmol) and 2a (107.0 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3f (61.4 mg, 40%) as a yellow solid. M.p.: 198-200 <T.*H NMR
(600 MHz, CDCl3) 6 8.13 (dd, J = 7.9, 1.2 Hz, 1H), 7.86 (d, J = 8.3 Hz, 2H), 7.56 (td,
J=7.7,15Hz, 1H), 7.48 (td, J = 7.8, 1.2 Hz, 1H), 7.40 (td, J = 7.2, 1.2 Hz, 2H), 7.33
(td, J=7.8, 2.4 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.25 (dt, J = 7.2, 1.2 Hz, 1H), 7.20

S9



(d,J=7.9Hz, 1H), 7.15 (d, J = 6.8 Hz, 1H), 6.30 (q, J = 9.7 Hz, 2H), 3.81 (s, 3H), 3.41
(s, 3H), 2.41 (s, 3H). 3C NMR (151 MHz, CDCls)  183.9, 179.1, 162.3, 159.1, 144.5,
141.6, 140.9, 140.3, 138.7, 138.0, 134.1, 133.5, 130.1, 129.4, 129.2, 129.0, 128.0, 127.5,
127.4, 127.2, 127.0, 126.6, 61.3, 60.8, 57.3, 21.8. HR-MS (ESI) m/z calc. for
CaoH2506S [M+H]*: 513.1367, found: 513.1368.

O Ts

=
C O OMe

MeO 3g
8,10-Dimethoxy-7-(p-tolyl)-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3g)
The general procedure was followed using 1g (106.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3g (94.9 mg, 62%) as a yellow solid. M.p.: 185-187 T.'H NMR
(400 MHz, CDCl3) 6 7.83 (d, J = 7.8 Hz, 1H), 7.65 (td, J = 7.7, 1.5 Hz, 1H), 7.52 (dd,
J=7.2,7.2 Hz, 1H), 7.47 (dd, J = 7.5, 1.2 Hz, 1H), 7.13 (d, J = 8.3 Hz, 2H), 6.95 (d, J
= 8.2 Hz, 2H), 6.88 (s, 2H), 6.68 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 2.4 Hz, 1H), 3.82 (s,
3H), 3.21 (s, 3H), 2.29 (s, 6H). 3C NMR (151 MHz, CDCls) 5 193.8, 161.3, 160.8,
147.1, 145.2, 143.5, 142.0, 140.3, 139.1, 137.9, 135.9, 135.5, 131.1, 128.9, 128.7, 128.1,

128.0, 127.5, 125.5, 118.5, 106.8, 99.7, 55.7, 55.6, 21.6, 21.5. HR-MS (ESI) m/z calc.
for C31H2705S [M+H]*: 511.1574, found: 511.1557.

O Ts
so=ae
C O OMe

MeO  3h
8,10-Dimethoxy-7-(4-methoxyphenyl)-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one
(3h)

The general procedure was followed using 1h (111.6 mg, 0.30 mmol) and 2a (107.0

mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/

S10



EtOAc = 3:1) yielded 3h (131.0 mg, 83%) as a yellow oil. 'H NMR (600 MHz, CDCls)
07.83(d,J=7.8Hz, 1H), 7.64 (td, J=7.7, 1.6 Hz, 1H), 7.51 (td, J = 7.5, 0.8 Hz, 1H),
7.47 (dd, = 7.6, 1.5 Hz, 1H), 7.02 (d, J = 8.3 Hz, 2H), 6.90 (d, J = 8.1 Hz, 2H), 6.66
(d, J = 2.4 Hz, 1H), 6.59 (s, 2H), 6.30 (d, J = 2.4 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H),
3.21 (s, 3H), 2.25 (s, 3H). 3C NMR (151 MHz, CDCls) § 193.5, 161.2, 160.8, 159.5,
146.7,145.1, 143.4,141.7, 140.2, 138.9, 135.8, 131.1, 130.7, 128.8, 128.6, 128.1, 127.7,
125.4, 118.3, 112.2, 106.7, 99.5, 55.7, 55.5, 55.3, 21.5. HR-MS (ESI) m/z calc. for
Ca1H2706S [M+H]*: 527.1523, found: 527.1501.

O Ts

O Lo
C O OMe

MeO 3i
7-(4-Fluorophenyl)-8,10-dimethoxy-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one (3i)
The general procedure was followed using 1i (108.8 mg, 0.30 mmol) and 2a (107.0 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3i (84.8 mg, 55%) as a yellow oil. 'H NMR (400 MHz, CDCls)
57.84(d, J=7.8 Hz, 1H), 7.66 (td, J = 7.7, 1.4 Hz, 1H), 7.53 (dd, J = 7.2, 7.2 Hz, 1H),
7.46 (dd, J = 7.6, 1.1 Hz, 1H), 7.11 (d, J = 8.3 Hz, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.80
(s, 2H), 6.68 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H), 3.25 (s, 3H),
2.31 (s, 3H). 13C NMR (101 MHz, CDCls) 6 193.3, 162.5 (d, J = 247.8 Hz). 161.5,
160.6, 145.7, 145.0, 143.8, 142.4, 140.3, 138.8, 135.8, 134.3 (d, J = 3.3 Hz), 131.3,
129.0, 128.8, 128.2, 127.8, 125.5, 117.9, 115.1 (d, J = 22.0 Hz), 113.8 (d, J = 21.2 Hz),

106.9, 99.4, 55.6, 55.5, 21.5. °F NMR (377 MHz, CDCls) 6 -113.33. HR-MS (ESI)
m/z calc. for CaoH24FOsS [M+H]": 515.1323, found: 515.1313.

O Ts

(e
i!.‘ !!l" OMe
MeO 3j
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7-(4-Chlorophenyl)-8,10-dimethoxy-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3j)
The general procedure was followed using 1j (112.8 mg, 0.30 mmol) and 2a (107.0 mg,

0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3j (119.3 mg, 75%) as a yellow solid. M.p.: 180-182 <C.'H
NMR (400 MHz, CDCl3) 6 7.84 (d, J = 7.8 Hz, 1H), 7.66 (td, J = 7.7, 1.4 Hz, 1H), 7.53
(dd, J=7.2, 7.2 Hz, 1H), 7.46 (dd, J = 7.6, 1.1 Hz, 1H), 7.11 (d, J = 8.3 Hz, 2H), 7.05
(s, 1H), 6.99 (d, J = 8.2 Hz, 2H), 6.68 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 2.4 Hz, 1H), 3.83
(s, 3H), 3.25 (s, 3H), 2.31 (s, 3H). *C NMR (101 MHz, CDCls) 5 193.2, 161.5, 160.5,
145.4,145.0, 143.9, 142.6, 140.4, 138.8, 136.9, 135.8, 134.0, 131.3,129.1, 129.0, 128.2,
127.9, 127.0, 125.5, 117.6, 106.9, 99.4, 55.6, 55.5, 21.6. HR-MS (ESI) m/z calc. for
C30H24*°ClOsS [M+H]*: 531.1028, found: 531.0998.

CO Br
)

MeO 3k

7-(4-Bromophenyl)-8,10-dimethoxy-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one
(3k)

The general procedure was followed using 1k (126.0 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3k (99.9 mg, 58%) as a yellow solid. M.p.: 145-147 <T.*"H NMR
(400 MHz, CDCls) 5 7.83 (d, J = 7.7 Hz, 1H), 7.67 (td, J = 7.6, 1.5 Hz, 1H), 7.54 (td, J
=7.5,1.0 Hz, 1H), 7.47 (dd, J = 7.6, 1.3 Hz, 1H), 7.20 (s, 2H), 7.11 (d, J = 8.4 Hz, 2H),
6.99 (d, J = 8.2 Hz, 2H), 6.68 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H),
3.26 (s, 3H), 2.32 (s, 3H). 3C NMR (151 MHz, CDCl3) 6 193.2, 161.6, 160.5, 145.4,
145.0, 143.9, 142.7, 140.4, 138.8, 137.4, 135.8, 131.3,129.9, 129.1, 128.9, 128.2, 128.0,
125.6, 122.3, 117.6, 107.0, 99.4, 55.6, 55.5, 21.6. HR-MS (ESI) m/z calc. for
C30H24"°BrOsS [M+H]*: 575.0523, found: 575.0503.
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O Ts

=g
C 0 OMe

MeO 3l
4-(8,10-Dimethoxy-5-o0x0-6-tosyl-5H-dibenzo[a,c][7]annulen-7-yl)benzonitrile (31)
The general procedure was followed using 11 (110.1 mg, 0.30 mmol) and 2a (107.0 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 31 (39.1 mg, 25%) as a yellow solid. M.p.: 82-84 <T.'H NMR
(400 MHz, CDCl3) § 7.84 (d, J = 7.7 Hz, 1H), 7.68 (td, J = 7.7, 1.4 Hz, 1H), 7.53 (td, J
=7.5,0.9 Hz, 2H), 7.37 (dd, J = 7.6, 1.2 Hz, 2H), 7.23 (d, J = 8.3 Hz, 2H), 7.07 (d, J =
8.1 Hz, 2H), 6.70 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 2.4 Hz, 1H), 3.85 (s, 3H), 3.24 (s,
3H), 2.36 (s, 3H). 13C NMR (101 MHz, CDCls) § 192.9, 161.4, 161.0, 151.8, 146.0,
144.9, 143.0, 142.5, 140.5, 138.6, 137.9, 135.8, 133.5, 131.2, 128.8, 128.7, 128.3, 127.5,
125.7, 117.5, 107.1, 99.4, 55.7, 55.6, 21.4. HR-MS (ESI) m/z calc. for C31H24NOsS
[M+H]*: 522.1370, found: 522.1367.

e
0

MeO 3m
7-(2-Bromophenyl)-8,10-dimethoxy-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one (3m)
The general procedure was followed using 1m (126.0 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3m (82.7 mg, 48%) as a yellow solid. M.p.: 175-177 <C. 'H
NMR (600 MHz, CDCls) § 7.77 (d, J = 7.8 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H), 7.65 (td,
J=7.7,14Hz, 1H), 7.53 (td, J = 7.5, 0.9 Hz, 1H), 7.48 (dd, J = 7.5, 1.3 Hz, 1H), 7.33—
7.31 (m, 1H), 7.07-7.05 (m, 4H), 6.95 (d, J = 8.1 Hz, 2H), 6.65 (d, J = 2.4 Hz, 1H),
6.29 (d, J = 2.4 Hz, 1H), 3.81 (s, 3H), 3.28 (s, 3H), 2.30 (s, 3H). 13C NMR (151 MHz,
CDCls) 0 193.2, 161.2, 159.8, 145.3, 144.8, 144.0, 143.9, 142.1, 137.8, 136.8, 136.6,
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135.3,132.0,131.4,129.5,129.1, 128.6, 128.2, 128.0, 125.1, 124.7,121.6, 116.2, 107.2,
98.9, 55.6, 55.3, 21.6. HR-MS (ESI) m/z calc. for C3oH24"°BrOsS [M+H]": 575.0523,
found: 575.0523.

s
9

MeO 3n

8,10-Dimethoxy-7-(o-tolyl)-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3n)

The general procedure was followed using 1n (106.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3n (99.5 mg, 65%) as a yellow solid. M.p.: 230-232 <T.'"H NMR
(400 MHz, CDCls) 6 7.77 (d, J = 7.6 Hz, 1H), 7.67 (td, J = 6.8, 1.2 Hz, 2H), 7.60 (d, J
=7.0 Hz, 1H), 7.53 (d, J = 6.9 Hz, 1H), 7.16 (dd, J = 7.4, 7.4 Hz, 1H), 7.09 (dd, J = 7.4,
7.4 Hz, 1H), 7.00 (d, J = 8.2 Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 6.64 (dd, J = 10.5, 4.9
Hz, 2H), 6.29 (d, J = 2.4 Hz, 1H), 3.82 (s, 3H), 3.25 (s, 3H), 2.28 (s, 3H), 2.16 (s, 3H).
13C NMR (101 MHz, CDCls) 6 193.5, 161.1, 160.5, 147.3, 145.5, 143.6, 140.7, 138.6,
136.0, 135.5, 135.0, 133.4, 131.3, 129.4, 128.9, 128.3, 128.0, 127.9, 125.1, 123.8, 117.3,
107.0, 99.3, 55.6, 55.5, 21.6, 19.2. HR-MS (ESI) m/z calc. for CaiHz70sS [M+H]":
511.1574, found: 511.1556.

O Ts Me
C% OMe

MeO 30
8,10-Dimethoxy-7-(m-tolyl)-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one (30)
The general procedure was followed using 10 (106.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/

EtOAc = 3:1) yielded 30 (76.5 mg, 50%) as a yellow oil. TH NMR (600 MHz, CDCls)
5788 (d, J = 7.8 Hz, 1H), 7.69 (td, J = 7.2, 1.8 Hz, 1H), 7.61-7.56 (m, 2H), 7.04 (s,
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3H), 6.97 (d, J = 7.8 Hz, 1H), 6.93 (s, 2H), 6.72 (d, J = 2.4 Hz, 1H), 6.33 (d, J = 2.4 Hz,
1H), 3.85 (s, 3H), 3.21 (s, 3H), 2.28 (s, 3H), 2.08 (s, 3H). *C NMR (151 MHz, CDCl3)
0 193.6, 161.3, 160.8, 147.1, 145.1, 143.3, 142.2, 140.3, 139.2, 138.1, 136.2, 135.8,
131.2, 128.9, 128.8, 128.7, 128.2, 127.8, 126.7, 125.5, 118.3, 106.9, 99.7, 55.7, 55.6,
21.5,21.2. HR-MS (ESI) m/z calc. for CaiHz70sS [M+H]*: 511.1574, found: 511.1561.

O Ts e
¢

C% OMe Me

MeO  3p
7-(3,5-Dimethylphenyl)-8,10-dimethoxy-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one
(3p)
The general procedure was followed using 1p (111.0 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3p (84.9 mg, 54%) as a yellow solid. M.p.: 200-202 <T.*H NMR
(400 MHz, CDCl3) 6 7.86 (d, J = 7.8 Hz, 1H), 7.66 (td, J = 7.6, 1.6 Hz, 1H), 7.61 (dd,
J=7.6,1.5Hz, 1H), 7.55 (td, J = 7.6, 0.8 Hz, 1H), 7.08 (d, J = 8.2 Hz, 2H), 6.95 (d, J
= 8.2 Hz, 2H), 6.78 (s, 1H), 6.70 (d, J = 2.4 Hz, 1H), 6.31 (d, J = 2.4 Hz, 1H), 3.82 (s,
3H), 3.19 (s, 3H), 2.29 (s, 3H), 2.12 (s, 6H). 3C NMR (101 MHz, CDCls) 5 193.8,
161.2,160.9, 147.3, 145.2, 143.2, 142.1, 140.3, 139.4, 138.0, 135.8, 131.1, 129.5, 128.8,
128.8, 128.2, 127.8, 125.5, 118.4, 107.0, 99.8, 55.8, 55.6, 21.5, 21.1. HR-MS (ESI)
m/z calc. for Ca2H2905S [M+H]": 525.1730, found: 525.1707.

O Ts o
A

0 OMe

MeO  3q
7-(Benzo|d][1,3]dioxol-5-yl)-8,10-dimethoxy-6-tosyl-SH-dibenzo[a,c][7]annulen-
5-one (3q)

The general procedure was followed using 1q (115.8 mg, 0.30 mmol) and 2a (107.0
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mg, 0.75 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3q (90.7 mg, 56%) as a yellow solid. M.p.: 109-111 <C. *H NMR
(600 MHz, CDCl3) 6 7.84 (d, J = 7.9 Hz, 1H), 7.71-7.65 (td, J = 6.6, 2.4 Hz, 1H), 7.57—
7.54 (m, 2H), 7.17 (d, J = 8.1 Hz, 2H), 7.00 (d, J = 8.1 Hz, 2H), 6.71 (d, J = 2.4 Hz,
1H), 6.59 (d, J = 6.1 Hz, 2H), 6.35 (d, J = 2.3 Hz, 2H), 5.93 (s, 1H), 5.88 (s, 1H), 3.86
(s, 3H), 3.35 (s, 3H), 2.32 (s, 3H). 3C NMR (101 MHz, CDClIs) 6 193.6, 161.4, 160.9,
147.5, 146.5, 146.2, 145.2, 143.6, 142.2, 140.4, 139.1, 135.9, 132.2, 131.2, 128.9, 128.8,
128.1, 128.0, 125.7, 118.0, 107.0, 106.8, 101.1, 99.5, 55.8, 55.6, 21.6. HR-MS (ESI)

m/z calc. for CaoH2507S [M+H]*: 541.1316, found: 541.1293.

OMe
0 Ts

e
O OMe OMe

MeO  3r

8,10-Dimethoxy-6-tosyl-7-(3,4,5-trimethoxyphenyl)-5H-dibenzo[a,c][7]annulen-5-
one (3r)
The general procedure was followed using 1r (129.6 mg, 0.30 mmol) and 2a (107.0 mg,
0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3r (54.5 mg, 31%) as a yellow solid. M.p.: 218-220 T.'H NMR
(400 MHz, CDCls) 6 7.86 (d, J = 7.8 Hz, 1H), 7.69 (td, J = 7.6, 1.8 Hz, 1H), 7.63-7.57
(m, 2H), 6.81 (d, J = 8.3 Hz, 2H), 6.76 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 2.4 Hz, 1H),
6.31 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 3.74-3.41 (m, 6H), 3.27 (s, 3H),
2.20 (s, 3H). 13C NMR (101 MHz, CDCls) § 193.0, 161.8, 160.2, 144.8, 144.5, 144.5,
143.5,143.1, 140.7, 138.6, 135.7, 131.6, 130.5, 129.4, 129.1, 128.3, 128.2, 125.6, 118.9,
116.9, 111.5, 107.2, 99.3, 55.7, 55.3, 21.7. HR-MS (ESI) m/z calc. CssHz3108S [M+H]*:
587.1734, found: 587.1700.
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@) Ts 0
(O

O% OMe

MeO 3s
8,10-Dimethoxy-7-(naphthalen-2-yl)-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3s)
The general procedure was followed using 1s (117.6 mg, 0.30 mmol) and 2a (107.0 mg,
0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3s (90.1 mg, 55%) as a yellow solid. M.p.: 106-108 <C.'H NMR
(400 MHz, CDCl3) 6 7.92 (d, J = 7.9 Hz, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.72-7.68 (m,
1H), 7.61-7.55 (m, 3H), 7.45 (dd, J = 7.4, 7.4 Hz, 1H), 7.39 (s, 1H), 6.96 (d, J = 8.2
Hz, 2H), 6.74 (d, J = 2.4 Hz, 1H), 6.69 (d, J = 6.3 Hz, 2H), 6.28 (d, J = 2.4 Hz, 1H),
3.83 (s, 3H), 3.10 (s, 3H), 2.14 (s, 3H). 3C NMR (101 MHz, CDCl3) J 193.5, 161.4,
160.7, 146.7, 145.1, 143.6, 142.7, 140.3, 138.7, 135.8, 132.8, 132.2, 131.2, 128.9, 128.7,

128.2,128.1, 127.8, 127.6, 126.3, 125.9, 125.6, 106.9, 99.5, 55.6, 55.6, 21.4. HR-MS
(ESI) m/z calc. for CasH270sS [M+H]*: 547.1574, found: 547.1557.

O Ts

CO s
0 OMe

MeO 3t
8,10-Dimethoxy-7-(thiophen-3-yl)-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3t)
The general procedure was followed using 1t (104.4 mg, 0.30 mmol) and 2a (107.0 mg,
0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3t (45.2 mg, 30%) as a yellow solid. M.p.: 60-62 <T.'H NMR
(400 MHz, CDCls) 5 7.82 (d, J = 7.8 Hz, 1H), 7.66 (td, J = 8.8, 1.6 Hz, 1H), 7.57-7.50
(m, 3H), 7.05 (d, J = 8.3 Hz, 2H), 7.01-6.98 (m, 2H), 6.93 (s, 1H), 6.72 (dd, J = 4.5,
1.7 Hz, 1H), 6.67 (d, J = 2.4 Hz, 1H), 6.33 (d, J = 2.4 Hz, 1H), 3.84 (s, 3H), 3.30 (s,
3H), 2.27 (s, 3H). 13C NMR (151 MHz, CDCl3) 6 193.2, 161.3, 161.0, 145.1, 143.5,
141.6, 140.1, 138.6, 138.2, 135.9, 131.2, 129.5, 128.9, 128.8, 128.2, 127.6, 127.5, 126.0,
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125.5, 123.3, 118.2, 106.8, 99.5, 55.9, 55.6, 21.6. HR-MS (ESI) m/z calc. for
Ca28H2305S2 [M+H]*: 503.0982, found: 503.0974.

O Ts

S8 ghe
S
0 OMe

MeO  3u
7-(Benzo[b] Thiophen-2-yl)-8,10-dimethoxy-6-tosyl-SH-dibenzo[a,c][7]annulen-5-
one (3u)
The general procedure was followed using 1u (119.4 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3u (41.4 mg, 25%) as a yellow solid. M.p.: 88-90 <T.'H NMR
(600 MHz, CDCls) ¢ 7.86 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.70 (td, J =
7.8, 1.2 Hz, 1H), 7.67 (s, 1H), 7.63-7.58 (m, 2H), 7.52 (d, J = 8.1 Hz, 1H), 7.35 (td, J
= 7.8, 1.2 Hz, 1H), 7.26-7.23 (m, 1H), 6.91 (d, J = 8.3 Hz, 2H), 6.68 (d, J = 2.4 Hz,
1H), 6.65 (d, J = 8.1 Hz, 2H), 6.34 (d, J = 2.4 Hz, 1H), 3.86 (s, 3H), 3.31 (s, 3H), 2.14
(s,3H). 3C NMR (151 MHz, CDCls) § 192.7,161.7, 161.4, 144.8, 143.6, 143.6, 141.1,
140.6, 139.2, 139.1, 138.6, 137.9, 135.9, 131.3, 128.9, 128.8, 128.7, 128.4, 127.9, 125.8,

124.8,124.5,124.3,121.7,116.8,107.1, 99.2,55.9, 55.7, 21.5. HR-MS (ESI) m/z calc.
for C32H2505S, [M+H]*: 553.1138, found: 553.1128.

F O Ts
A
0 OMe
3v. MeO
4-Fluoro-8,10-dimethoxy-7-phenyl-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one (3v)
The general procedure was followed using 1v (108.0 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/

EtOAc = 3:1) yielded 3v (69.4 mg, 45%) as a yellow solid. M.p.: 196-198 <T.'H NMR
(400 MHz, CDCls) 6 7.67-7.62 (m, 2H), 7.28 (d, J = 8.2 Hz, 3H), 7.21 (d, J = 7.3 Hz,
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1H), 7.13 (dd, J = 7.2, 7.2 Hz, 2H), 7.04 (d, J = 8.1 Hz, 2H), 6.96 (s, 2H), 6.67 (d, J =
2.4 Hz, 1H), 6.33 (d, J = 2.3 Hz, 1H), 3.84 (s, 3H), 3.21 (s, 3H), 2.33 (s, 3H). 13°C NMR
(101 MHz, CDClz) ¢ 188.2, 161.4, 160.6, 156.2 (d, J = 257.6 Hz), 146.9, 143.8, 142.4,
139.4 (d, J = 2.5 Hz), 139.1, 138.4 (d, J = 2.3 Hz), 137.8, 132.5, 132.4 (d, J = 2.6 Hz),
132.3,129.1, 128.1 127.9, 126.8, 124.1 (d, J = 3.5 Hz), 118.1, 116.1 (d, J = 21.2 Hz),
107.2, 99.9, 55.6, 55.6, 21.6. 1°F NMR (377 MHz, CDCl3) 6 ~115.86. HR-MS (ESI)
m/z calc. for C3oH24FOsS [M+H]*: 515.1323, found: 515.1313.

Me 9 Ts
O Ph

O O OMe

3w  MeO
8,10-Dimethoxy-4-methyl-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one
(3w)
The general procedure was followed using 1w (106.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3w (99.5 mg, 65%) as a yellow solid. M.p.: 169-171 <C. 'H
NMR (400 MHz, CDCls) 6 7.64 (d, J = 7.7 Hz, 1H), 7.53 (dd, J = 7.7, 7.7 Hz, 1H),
7.42 (d, J = 7.6 Hz, 1H), 7.15 (dd, J = 7.3, 7.3 Hz, 1H), 7.03 (s, 2H), 6.97 (d, J = 8.3
Hz, 2H), 6.88 (d, J = 8.2 Hz, 2H), 6.59 (d, J = 2.4 Hz, 1H), 6.27 (d, J = 2.4 Hz, 1H),
3.80 (s, 3H), 3.19 (s, 3H), 2.68 (s, 3H), 2.25 (s, 3H). 3C NMR (151 MHz, CDCls) ¢
192.9,161.1, 160.2, 146.6, 143.6, 143.3, 142.6, 141.1, 139.4, 137.7,137.1,135.2, 131.1,

130.5, 128.9, 127.8, 127.3, 126.6, 126.4, 118.2, 107.4, 99.4, 55.6, 55.5, 21.5, 19.0.
HR-MS (ESI) m/z calc. for C31H2705S [M+H]": 511.1574, found: 511.1559.

O Ts
0 OMe
3x MeO

3,8,10-Trimethoxy-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3x)

S19



The general procedure was followed using 1x (111.6 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3x (88.4 mg, 56%) as a red oil. 'H NMR (400 MHz, CDCls)
7.76 (d, J = 8.7 Hz, 1H), 7.23-7.13 (m, 5H), 7.09 (s, 1H), 6.98-6.95 (m, 4H), 6.64 (d,
J=2.4Hz, 1H), 6.26 (d, J = 2.4 Hz, 1H), 3.88 (s, 3H), 3.82 (s, 3H), 3.16 (s, 3H), 2.29
(s, 3H). 13C NMR (151 MHz, CDCl3) 6 193.5, 161.3, 160.9, 159.9, 147.2, 146.1, 143.6,
140.1, 139.0, 138.5, 129.7, 129.0, 128.6, 128.0, 128.0, 126.7, 118.6, 118.0, 108.9, 106.4,
99.1, 55.8, 55.6, 55.5, 21.6. HR-MS (ESI) m/z calc. for Ca1H2706S [M+H]*: 527.1523,
found: 527.1501.

O Ts

F O Ph

J o

3y MeO
3-Fluoro-8,10-dimethoxy-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3y)
The general procedure was followed using 1y (101.3 mg, 0.30 mmol) and 2a (103.4
mg, 0.75 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3y (78.6 mg, 51%) as a yellow oil. 'H NMR (400 MHz, CDCls)
57.83(dd, J=8.7,4.9 Hz, 1H), 7.33 (td, J = 8.4, 2.8 Hz, 1H), 7.17 (d, J = 8.3 Hz, 3H),
7.10 (dd, J = 7.9, 2.7 Hz, 3H), 6.99 (d, J = 8.1 Hz, 2H), 6.63 (d, J = 2.4 Hz, 1H), 6.30
(d, J = 2.4 Hz, 1H), 3.82 (s, 3H), 3.17 (s, 3H), 2.31 (s, 3H). 3C NMR (151 MHz,
CDCIs) 0 192.3, 162.6 (d, J = 252.3 Hz), 161.4, 160.9, 147.4, 146.4 (d, J = 6.8 Hz),
143.9, 141.6, 139.2, 138.7, 138.2, 132.1 (d, J = 3.3 Hz), 130.4 (d, J = 7.9 Hz), 129.1,
128.2, 128.1, 126.8, 118.3 (d, J = 21.7 Hz), 118.1, 112.3 (d, J = 23.4 Hz), 106.7, 99.6,

55.6, 55.6, 21.6. °F NMR (377 MHz, CDCl3) 6 —111.56. HR-MS (ESI) m/z calc. for
CsoH24FOsS [M+H]*: 515.1323, found: 515.1311.
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O Ts

Ree
0 OMe

3z MeO

3-Chloro-8,10-dimethoxy-7-phenyl-6-tosyl-SH-dibenzo|a,c][7]annulen-5-one (3z)
The general procedure was followed using 1z (112.8 mg, 0.30 mmol) and 2a (107.0 mg,
0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3z (71.6 mg, 45%) as a yellow solid. M.p.: 207-209 <T.'H NMR
(400 MHz, CDCl3) § 7.79 (d, J = 8.5 Hz, 1H), 7.60 (dd, J = 8.4, 2.3 Hz, 1H), 7.29 (d, J
= 1.6 Hz, 1H), 7.27 (s, 1H), 7.24 (d, J = 7.3 Hz, 1H), 7.17 (5, 2H), 7.13 (d, J = 2.2 Hz,
1H), 7.08 (d, J = 8.1 Hz, 2H), 6.65 (d, J = 2.4 Hz, 1H), 6.34 (d, J = 2.4 Hz, 1H), 3.85
(s, 3H), 3.21 (s, 3H), 2.38 (s, 3H). 3C NMR (101 MHz, CDCls) 6 192.3, 161.5, 161.0,
147.3,145.8, 144.2,141.8, 139.1, 138.5, 138.4, 135.1, 134.3, 131.2, 129.5, 129.2, 128.5,
128.3, 126.9, 125.0, 118.3, 106.8, 99.9, 55.6, 55.6, 21.7. HR-MS (ESI) m/z calc. for
C30H24%CI0sS [M+H]*: 531.1028, found: 531.1018.

O Ts
ey
0 OMe
3a' MeO

3-Bromo-8,10-dimethoxy-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3a")
The general procedure was followed using 1a* (126.0 mg, 0.30 mmol) and 2a (107.0

mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3a' (91.3 mg, 53%) as a white solid. M.p.: 200-202 <.*H NMR
(400 MHz, CDCl3) 6 7.77-7.72 (m, 2H), 7.30-7.27 (m, 2H), 7.24 (d, J = 7.2 Hz, 1H),
7.21(d, J = 1.7 Hz, 1H), 7.18 (s, 2H), 7.09 (d, J = 8.2 Hz, 2H), 6.65 (d, J = 2.3 Hz, 1H),
6.34 (d, J = 2.3 Hz, 1H), 3.84 (s, 3H), 3.20 (s, 3H), 2.39 (s, 3H). 3C NMR (101 MHz,
CDCls) ¢ 192.1, 161.5, 161.0, 147.2, 145.8, 144.2, 141.7, 139.1, 138.3, 138.3, 134.7,
134.1, 129.7, 129.2, 128.5, 128.3, 127.8, 126.9, 123.1, 118.1, 106.7, 99.9, 55.6, 55.6,

21.7. HR-MS (ESI) m/z calc. for CaoH24™°BrOsS [M+H]": 575.0523, found: 575.05009.
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o) Ts
FsC OO Ph
0 OMe
3b' MeO

8,10-Dimethoxy-7-phenyl-6-tosyl-3-(trifluoromethyl)-5H-dibenzo[a,c][7]annulen-
5-one (3b")

The general procedure was followed using 1b* (123.0 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3b" (59.2 mg, 35%) as a yellow solid. M.p.: 196-198 <C. 'H
NMR (600 MHz, CDCls) 6 7.97 (d, J = 8.2 Hz, 1H), 7.86 (dd, J = 8.3, 1.4 Hz, 1H),
7.32 (s, 1H), 7.28 (d, J = 8.3 Hz, 2H), 7.24 (d, J = 7.3 Hz, 1H), 7.18 (s, 2H), 7.07 (d, J
= 8.1 Hz, 2H), 6.67 (d, J = 2.4 Hz, 1H), 6.36 (d, J = 2.4 Hz, 1H). 3.84 (s, 3H), 3.21 (s,
3H), 2.35 (s, 3H). *C NMR (151 MHz, CDCls) 6 192.5, 161.6, 161.0, 147.3, 145.0,
1445, 142.1, 139.2, 138.7, 138.3, 138.2, 130.6 (q, J = 33.5 Hz), 129.3, 128.8, 128.6,
128.4,127.8(q, J =3.0 Hz), 126.9, 123.6 (q, J = 273.3 Hz), 122.4 (g, = 3.0 Hz), 118.5,
107.1, 100.4, 55.7, 21.6. °F NMR (565 MHz, CDCl3) 6 —62.58. HR-MS (ESI) m/z
calc. for Cz1H24F305S [M+H]": 565.1291, found: 565.1272.

O Ts

O Ph
MeO O O OMe

3¢’ MeO

2,8,10-Trimethoxy-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3c’)
The general procedure was followed using 1c' (111.6 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3c' (96.3 mg, 61%) as a yellow solid. M.p.: 213-215 <C. 'H
NMR (400 MHz, CDCls) & 7.39 (d, J = 8.5 Hz, 1H), 7.33 (d, J = 2.3 Hz, 1H), 7.20-

7.11 (m, 4H), 7.08 (s, 1H), 7.03 (dd, J = 8.5, 2.4 Hz, 1H), 6.96 (d, J = 8.2 Hz, 2H), 6.67
(d, J = 2.4 Hz, 1H), 6.29 (d, J = 2.4 Hz, 1H), 3.95 (s, 3H), 3.81 (s, 3H), 3.16 (s, 3H),
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2.29 (s, 3H). 13C NMR (151 MHz, CDCl3) 6 192.7, 161.8, 161.3, 160.8, 146.3, 143.5,
142.3,140.1, 138.9, 138.7, 138.4, 137.9, 128.9, 128.0, 127.9, 127.6, 126.7, 118.3, 113.8,
113.6, 106.9, 99.5, 55.8, 55.6, 55.5, 21.6. HR-MS (ESI) m/z calc. for CaiH2706S
[M+H]": 527.1523, found: 527.1501.

O Ts

O Ph
Me C O OMe

3d" MeO

8,10-Dimethoxy-2-methyl-7-phenyl-6-tosyl-5H-dibenzo[a,c][7]annulen-5-one (3d')
The general procedure was followed using 1d" (106.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3d" (91.8 mg, 60%) as a white solid. M.p.: 218-220 <T.*H NMR
(400 MHz, CDCl3) § 7.63 (s, 1H), 7.36 (dd, J = 7.5, 7.5 Hz, 2H), 7.16 (d, J = 7.2 Hz,
1H), 7.11 (d, J = 8.1 Hz, 4H), 6.94 (d, J = 8.1 Hz, 2H), 6.68 (d, J = 2.2 Hz, 1H), 6.29
(d, J = 2.2 Hz, 1H), 3.82 (s, 3H), 3.17 (s, 3H), 2.54 (s, 3H), 2.28 (s, 3H). °C NMR
(101 MHz, CDCIs) ¢ 193.5, 161.3, 160.7, 146.6, 143.5, 142.8, 142.2, 141.6, 140.4,
139.0, 138.4, 135.9, 129.5, 128.9, 128.6, 127.9, 126.7, 125.5, 118.4, 106.8, 99.5, 55.6,

55.5, 21.9, 21.5. HR-MS (ESI) m/z calc. for C31H2705S [M+H]*: 511.1574, found:
511.1554.

O Ts
O Ph
ol C 0 OMe
3e" MeO
2-Chloro-8,10-dimethoxy-7-phenyl-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one (3e')
The general procedure was followed using 1le' (112.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/

EtOAc = 3:1) yielded 3¢’ (79.5 mg, 50%) as a yellow solid. M.p.: 227-229 <. H
NMR (400 MHz, CDCls) ¢ 7.85 (d, J = 1.9 Hz, 1H), 7.54 (dd, J = 8.2, 1.9 Hz, 1H),
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7.46 (d, J = 8.2 Hz, 1H), 7.28-7.12 (m, 3H), 7.09 (s, 2H), 7.01 (d, J = 8.1 Hz, 2H), 6.68
(d, J =2.4 Hz, 1H), 6.34 (d, J = 2.4 Hz, 1H), 3.87 (s, 3H), 3.20 (s, 3H), 2.33 (s, 3H).
13C NMR (101 MHz, CDCls) 6 192.6, 161.5, 160.8, 147.0, 143.8, 143.4, 142.3, 138.9,
138.9, 138.1, 137.5, 137.2,129.1, 128.8, 128.2, 128.1, 128.0, 127.0, 126.8, 118.4, 106.8,
100.1, 55.7, 55.6, 21.6. HR-MS (ESI) m/z calc. for CaoH243ClOsS [M+H]*: 531.1028,
found: 531.1008.

O Ts

O Ph
O 0 OMe

Me

3f  MeO
(5)-8,10-Dimethoxy-1-methyl-7-phenyl-6-tosyl-SH-dibenzo[a,c][7]annulen-5-one
(1)
The general procedure was followed using 1f* (106.8 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3f' (53.6 mg, 35%) as a yellow solid. M.p.: 209-211 <T.'H NMR
(400 MHz, CDCls) § 7.51 (d, J = 7.1 Hz, 1H), 7.38 (dd, J = 7.6, 7.6 Hz, 1H), 7.30 (d, J
= 6.8 Hz, 1H), 7.18 (dd, J = 7.4, 7.4 Hz, 1H), 7.09 (dd, J = 7.5, 7.5 Hz, 2H), 6.99 (d, J
= 8.3 Hz, 2H), 6.90 (d, J = 8.2 Hz, 2H), 6.50 (d, J = 2.4 Hz, 1H), 6.27 (d, J = 2.4 Hz,
1H), 3.77 (s, 3H), 3.26 (s, 3H), 2.59 (s, 3H), 2.28 (s, 3H). 13C NMR (101 MHz, CDCl5)
0 193.5, 160.1, 160.0, 147.2, 146.6, 143.6, 143.5, 138.8, 138.6, 137.7, 136.0, 135.2,

133.8,128.9,128.0, 127.8,126.8, 122.8, 118.0, 108.0, 99.2, 55.5, 55.5, 21.8, 21.6. HR-
MS (ESI) m/z calc. for C31H270sS [M+H]*: 511.1574, found: 511.1541.

O Ts
S O Ph
N 0 OMe
3g'" MeO
7,9-Dimethoxy-6-phenyl-5-tosyl-4H-benzo[3,4]cyclohepta[1,2-b]thiophen-4-one
(39°)

S24



The general procedure was followed using 1g* (104.4 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3g* (90.4 mg, 60%) as a yellow oil. 'H NMR (600 MHz, CDCls)
57.66 (d,J =5.1Hz, 1H), 7.61 (d, J = 5.1 Hz, 1H), 7.45 (d, J = 8.2 Hz, 2H), 7.23 (dd,
J=7.2,7.2Hz, 1H), 7.11 (d, J = 8.3 Hz, 3H), 6.84 (d, J = 2.4 Hz, 1H), 6.32 (d, J = 2.3
Hz, 1H), 3.87 (s, 3H), 3.12 (s, 3H), 2.36 (s, 3H). 2*C NMR (151 MHz, CDCls) § 184.1,
162.1,161.9, 147.4, 143.9, 143.6, 140.9, 140.3, 139.8, 139.0, 135.7, 130.7, 129.1, 128.5,
128.1, 127.0, 119.0, 104.7, 99.7, 55.6, 55.5, 21.6. HR-MS (ESI) m/z calc. for
C28H2305S, [M+H]": 503.0982, found: 503.0972.

O Ts
Ts
604
O OMe

3h' MeO
8,10-Dimethoxy-6,6-ditosyl-6,7-dihydro-5H-dibenzo[a,c][7]annulen-5-one (3h")
The general procedure was followed using 1h* (79.8 mg, 0.30 mmol) and 2a (107.0 mg,
0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3h" (34.6 mg, 20%) as a yellow solid. M.p.: 113-115 <C. 'H
NMR (400 MHz, CDClIs) ¢ 7.90 (dd, J = 7.8, 1.1 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H),
7.56 (td, J = 7.6, 1.6 Hz,1H), 7.51 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 7.7 Hz, 1H), 7.16
(td, J = 8.4, 2.4 Hz, 5H), 6.95 (d, J = 8.2 Hz, 2H), 6.35 (d, J = 2.3 Hz, 1H), 5.36 (d, J =
13.5 Hz, 1H), 5.04 (d, J = 13.5 Hz, 1H), 3.92 (s, 3H), 3.66 (s, 3H), 2.36 (s, 3H), 2.27
(s, 3H). 13C NMR (151 MHz, CDCl3) 6 188.7, 162.1, 161.8, 145.3, 144.3, 138.2, 136.8,
134.7,134.5,133.3, 130.3, 129.5, 129.1, 128.8, 128.5, 128.4, 128.3, 123.8, 108.8, 102.2,
99.4, 57.1, 55.5, 55.5, 21.7, 21.6. HR-MS (ESI) m/z calc. for CaiH2907S2 [M+H]":
577.1349, found: 577.1326.
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3i’ OMe

(£)-1-(3',5'-Dimethoxy-[1,1'-biphenyl]-2-yl)-5-phenyl-2-tosylpent-2-en-1-one (3i')
The general procedure was followed using 1i* (111.0 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3i* (47.3 mg, 30%) as a yellow oil. 'H NMR (400 MHz, CDCls)
5 7.63 (dd, J=6.6, 6.6 Hz, 1H), 7.58 (d, J = 7.5 Hz, 1H), 7.51-7.48 (m, 4H), 7.32 (d, J
= 8.1 Hz, 2H), 7.27 (d, J = 7.6 Hz, 2H), 7.21-7.18 (m, 3H), 6.93 (s, 1H), 6.57 (s, 1H),
6.49 (d, J = 1.9 Hz, 2H), 3.77 (s, 6H), 2.81-2.77 (m, 2H), 2.59-2.55 (m, 2H), 2.45 (s,
3H). 3C NMR (101 MHz, CDCls) 6 194.9, 161.2, 153.5, 145.1, 142.0, 141.2, 141.1,
140.2, 134.8, 131.9, 130.6, 130.1, 130.0, 129.0, 128.9, 128.6, 128.5, 128.1, 126.3, 107.7,
101.2, 55.6, 35.0, 30.4, 21.8. HR-MS (ESI) m/z calc. for C3;H3105S [M+H]*: 527.1887,
found: 527.1875.

3j' OMe

(2)-1-(3",5'-Dimethoxy-[1,1'-biphenyl]-2-yl)-2-tosyloct-2-en-1-one (3j")

The general procedure was followed using 1j* (100.9 mg, 0.30 mmol) and 2a (107.0
mg, 0.60 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 3j' (95.9 mg, 65%) as a yellow solid. M.p.: 89-91 <T.'H NMR
(600 MHz, CDCl3) 6 7.60 (dd, J = 7.9, 1.2 Hz, 1H), 7.56 (td, J = 7.6, 1.3 Hz, 1H), 7.49—
7.41 (m, 4H), 7.29 (d, J = 8.1 Hz, 2H), 6.84 (s, 1H), 6.55 (dd, J = 2.2, 2.2 Hz, 1H), 6.45
(d, J = 2.2 Hz, 2H), 3.77 (s, 6H), 2.54-2.48 (m, 2H), 2.43 (s, 3H), 1.27-1.17 (m, 6H),
0.81 (t, J = 6.8 Hz, 3H). 3C NMR (101 MHz, CDCls) 6 195.0, 161.1, 154.8, 144.9,
142.0, 141.2, 140.3, 135.1, 131.8, 130.3, 130.0, 129.9, 128.9, 128.0, 107.7, 101.1, 55.6,
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32.1, 28.7, 27.7, 22.2, 21.8, 14.0. HR-MS (ESI) m/z calc. for CagH3305S [M+H]":
493.2043, found: 493.2036.

8,10-Dimethoxy-7-phenyl-6-(phenylsulfonyl)-5H-dibenzo[a,c][7]annulen-5-one
(42)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2b (147.6
mg, 0.90 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4a (89.7 mg, 62%) as a yellow solid. M.p.: 203-205 <T.'H NMR
(400 MHz, CDCls) 6 7.85 (d, J = 7.8 Hz, 1H), 7.67 (td, J = 8.4, 2.0 Hz, 1H), 7.58-7.52
(m, 2H), 7.34-7.30 (m, 1H), 7.19-7.08 (m, 6H), 7.06 (s, 1H), 6.69 (d, J = 2.4 Hz, 1H),
6.30 (d, J = 2.4 Hz, 1H), 3.82 (s, 3H), 3.18 (s, 3H). 13C NMR (151 MHz, CDCls) &
193.3,161.4,160.7, 147.2, 145.0, 141.9, 141.7, 140.3, 138.2, 135.8, 132.6, 131.3, 128.8,
128.3,128.2,128.0, 127.7, 126.9, 125.5, 118.2, 106.9, 99.6, 55.6, 55.6. HR-MS (ESI)
m/z calc. for C29H230sS [M+H]*: 483.1261, found: 483.1246.

8,10-Dimethoxy-6-( (4-methoxyphenyl) sulfonyl)-7-phenyl-5H-
dibenzo[a,c][7]annulen-5-one (4b)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2c (174.6 mg,
0.90 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4b (92.2 mg, 60%) as a yellow oil. 'H NMR (400 MHz, CDCls)
57.84 (d, J=7.8 Hz, 1H), 7.65 (td, J = 7.5, 1.9 Hz, 1H), 7.56-7.49 (m, 2H), 7.17 (dd,

J=7.2,7.2 Hz, 2H), 7.09 (d, J = 9.0 Hz, 3H), 6.68 (d, J = 2.4 Hz, 1H), 6.58 (d, J = 9.0
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Hz, 2H), 6.29 (d, J = 2.4 Hz, 1H), 3.81 (s, 3H), 3.73 (s, 3H), 3.17 (s, 3H). C NMR
(101 MHz, CDCls) 6 193.7, 162.9, 161.3, 160.7, 146.4, 145.1, 142.4, 140.2, 138.3,
135.8, 133.3, 131.2, 130.0, 128.7, 128.1, 128.0, 126.8, 125.4, 118.3, 113.5, 106.9, 99.6,
55.6, 55.6, 55.5. HR-MS (ESI) m/z calc. for CaoHz506S [M+H]": 513.1367, found:
513.1351.

Me

Me
\Y

0 o
S\
C¥2
Ph
O OMe
MeO 4c
6-((4-Isopropylphenyl)sulfonyl)-8,10-dimethoxy-7-phenyl-5H-
dibenzo|a,c][7]annulen-5-one (4¢)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2d (185.4
mg, 0.90 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4c (89.6 mg, 57%) as a yellow solid. M.p.: 190-192 <C. 'H NMR
(400 MHz, CDCl3) 6 7.86 (d, J = 7.8 Hz, 1H), 7.67 (td, J = 7.7, 1.4 Hz, 1H), 7.53 (td, J
= 7.6, 0.4 Hz, 1H), 7.46 (dd, J = 7.6, 1.2 Hz, 1H), 7.15 (dd, J = 7.2, 7.2 Hz, 2H), 7.03
(d, J = 8.4 Hz, 3H), 6.93 (d, J = 8.4 Hz, 3H), 6.69 (d, J = 2.4 Hz, 1H), 6.30 (d, J = 2.4
Hz, 1H), 3.82 (s, 3H), 3.17 (s, 3H), 2.84-2.77 (m, 1H), 1.15 (dd, J = 6.9, 2.5 Hz, 6H).
13C NMR (101 MHz, CDCls) 6 193.5, 161.3, 160.7, 154.1, 146.6, 145.0, 142.2, 140.3,
138.8,138.3, 135.9, 131.2, 128.7, 128.2, 128.0, 127.9, 126.8, 126.4, 125.5, 118.3, 106.9,
99.6, 55.6, 55.6, 34.2, 23.8, 23.5. HR-MS (ESI) m/z calc. for C32H2905S [M+H]":
525.1730, found: 525.1708.
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6-((4-Fluorophenyl)sulfonyl)-8,10-dimethoxy-7-phenyl-5H-
dibenzo[a,c][7]annulen-5-one (4d)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2e (163.8 mg,
0.90 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4d (72.0 mg, 48%) as a yellow solid. M.p.: 185-187 <C.'"H NMR
(400 MHz, CDCl3) & 7.86 (d, J = 7.9 Hz, 1H), 7.70-7.66 (m, 1H), 7.57 (d, J = 4.2 Hz,
2H), 7.18 (dd, J = 7.3, 7.3 Hz, 1H), 7.13-7.02 (m, 4H), 6.76 (dd, J = 8.6, 8.6 Hz, 2H),
6.69 (d, J = 2.4 Hz, 1H), 6.31 (d, J = 2.4 Hz, 1H), 3.83 (s, 3H), 3.18 (5, 3H). 13C NMR
(101 MHz, CDClz) ¢ 193.0, 164.9 (d, J = 255.5 Hz), 161.5, 160.7, 147.3, 144.9, 141.8,
140.3, 138.1, 137.7 (d, J = 3.0 Hz), 135.8, 131.4, 130.4 (d, J = 9.6 Hz), 128.9, 128.3,
128.2, 126.9, 125.4, 118.1, 115.4 (d, J = 22.7 Hz), 106.9, 99.6, 55.6, 55.5. °F NMR
(377 MHz, CDCls) § -104.81. HR-MS (ESI) m/z calc. for CagH2FOsS [M+H]":
501.1167, found: 501.1147.

6-((4-Chlorophenyl)sulfonyl)-8,10-dimethoxy-7-phenyl-5SH-
dibenzo|a,c][7]annulen-5-one (4¢)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2f (103.4 mg,
0.75 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4e (69.7 mg, 45%) as a yellow solid. M.p.: 205-207 <C.*H NMR
(400 MHz, CDCl3) 6 7.85 (d, J = 7.9 Hz, 1H), 7.71-7.66 (m, 1H), 7.58 (d, J = 4.2 Hz,
2H), 7.20 (dd, J = 7.3, 7.3 Hz, 2H), 7.07 (d, J = 2.1 Hz, 1H), 7.06 (dd, J = 2.1, 2.1 Hz,
2H), 7.03 (dd, J = 2.1, 2.1 Hz, 2H), 6.69 (d, J = 2.4 Hz, 1H), 6.31 (d, J = 2.4 Hz, 1H),
3.84 (s, 3H), 3.19 (s, 3H). 3C NMR (101 MHz, CDCls) 6 193.0, 161.5, 160.8, 147.6,
144.9,141.6, 140.4, 140.3, 139.2, 138.1, 135.9, 131.4, 129.1, 128.9, 128.5, 128.3, 128.2,
126.9, 125.5, 118.1, 106.9, 99.7, 55.6, 55.6. HR-MS (ESI) m/z calc. for C2gH22**CIOs
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[M+H]": 517.0871, found: 517.0860.

CN
0 o LI
\\S\\
Cr ¥
Ph
o
MeO 4f

4-((8,10-Dimethoxy-5-oxo-7-phenyl-5H-dibenzo[a,c][7]annulen-6-
yDsulfonyl)benzonitrile (4f)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2g (113.4
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4f (45.6 mg, 30%) as a yellow solid. M.p.: 217-219 <C.*H NMR
(400 MHz, CDCl3) 6 7.87 (d, J = 7.8 Hz, 1H), 7.72 (td, J = 6.4, 2.4 Hz, 1H), 7.63 (dd,
J=6.5,6.5Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.19 (dd, J = 7.3, 7.3 Hz, 1H), 7.11 (d, J
= 8.4 Hz, 3H), 7.07 (s, 1H), 6.70 (d, J = 2.3 Hz, 1H), 6.31 (d, J = 2.3 Hz, 1H), 3.84 (s,
3H), 3.20 (s, 3H). 13C NMR (101 MHz, CDCls) 6 192.3, 161.8, 160.8, 148.5, 146.0,
144.7,140.8, 140.5, 138.0, 135.8, 132.0, 131.6, 129.1, 128.5, 128.5, 128.0, 127.1, 125.6,
117.7, 117.4, 115.9, 107.0, 99.7, 55,7, 55.6. HR-MS (ESI) m/z calc. for C3oH22NOsS
[M+H]*: 508.1213, found: 508.1197.

8,10-Dimethoxy-6-((4-nitrophenyl)sulfonyl)-7-phenyl-5H-
dibenzo[a,c][7]annulen-5-one (49)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2h (125.4
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4g (44.3 mg, 28%) as a yellow solid. M.p.: 210-212 <T.'H NMR
(400 MHz, CDCls) 6 7.88 (d, J = 8.9 Hz, 3H), 7.73 (td, = 7.5, 1.8 Hz, 1H), 7.68-7.61
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(m, 2H), 7.19 (dd, J = 6.5, 6.5 Hz, 3H), 7.06 (s, 2H), 6.71 (d, J = 2.4 Hz, 1H), 6.32 (d,
J=2.4Hz, 1H), 3.85 (s, 3H), 3.20 (5, 3H). 13C NMR (101 MHz, CDCls) 5 192.3, 161.8,
160.8, 149.6, 148.7, 147.5, 144.8, 140.8, 140.5, 138.0, 135.8, 131.6, 129.1, 128.7, 128.6,
128.5, 127.1, 125.6, 123.4, 117.7, 107.0, 99.7, 55.7, 55.6. HR-MS (ESI) m/z calc. for
Ca29H22NO7S [M+H]*: 528.1112, found: 528.1091.

CF;
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\\S\\
Cr ¥
Ph
o
MeO 4h

8,10-Dimethoxy-7-phenyl-6-((4-(trifluoromethyl)phenyl)sulfonyl)-5H-
dibenzo|a,c][7]annulen-5-one (4h)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2i (139.2 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4h (123.8 mg, 75%) as a yellow solid. M.p.: 174-176 <C. ‘H
NMR (400 MHz, CDCls) 6 7.89 (d, J = 7.9 Hz, 1H), 7.74-7.69 (td, J = 7.9, 2.0 Hz, 1H),
7.62-7.57 (m, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.16 (dd, J = 7.3, 7.3 Hz, 1H), 7.11 (d, J =
8.3 Hz, 2H), 7.03 (s, 1H), 6.71 (d, J = 2.4 Hz, 1H), 6.31 (d, J = 2.4 Hz, 1H), 3.82 (s,
3H), 3.18 (s, 3H). 3C NMR (101 MHz, CDCls) 6 192.5, 161.7, 160.7, 148.1, 145.1,
144.7, 141.1, 140.4, 138.0, 135.8, 133.8 (g, J = 32.9 Hz), 131.5, 128.9, 128.5, 128.3,
127.9,126.9, 125.5, 125.3 (q, J = 3.6 Hz), 123.2 (q, J = 273.7 Hz), 117.8, 107.0, 99.6,
55.6, 55.5. F NMR (377 MHz, CDCl3) 6 —63.30. HR-MS (ESI) m/z calc. for
CaoH22F30sS [M+H]*: 551.1135, found: 551.11009.

6-((4-Bromophenyl)sulfonyl)-8,10-dimethoxy-7-phenyl-5H-
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dibenzo[a,c][7]annulen-5-one (4i)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2j (145.1 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4i (70.6 mg, 42%) as a yellow solid. M.p.: 218-220 <C. *H NMR
(400 MHz, CDCl3) 6 7.88 (d, J = 7.8 Hz, 1H), 7.73-7.69 (m, 1H), 7.60 (d, J = 4.2 Hz,
2H), 7.29-7.20 (m, 3H), 7.11 (s, 2H), 6.95 (d, J = 8.5 Hz, 2H), 6.72 (d, J = 2.0 Hz, 1H),
6.33 (d, J = 2.0 Hz, 1H), 3.86 (s, 3H), 3.22 (s, 3H). 13C NMR (101 MHz, CDCls) &
193.0,161.5, 160.7, 147.6, 144.9, 141.5, 140.8, 140.3, 138.1, 135.8, 131.5, 131.4, 129.1,
128.9, 128.3, 128.2, 127.8, 126.9, 125.5, 118.0, 106.9, 99.6, 55.6, 55.6. HR—-MS (ESI)
m/z calc. for Ca9H22"°BrOsS [M+H]*: 561.0366, found: 561.0341.
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6-((3-Bromophenyl)sulfonyl)-8,10-dimethoxy-7-phenyl-SH-
dibenzo[a,c][7]annulen-5-one (4j)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2k (145.1
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4j (50.4 mg, 30%) as a yellow solid. M.p.: 197-199 <. 'H NMR
(400 MHz, CDCl3) 6 7.86 (d, J = 7.9 Hz, 1H), 7.73-7.69 (m, 1H), 7.61 (d, J = 4.1 Hz,
2H), 7.42-7.37 (m, 1H), 7.22 (dd, J = 7.6, 7.6 Hz, 1H), 7.09 (m, 2H), 6.94-6.93 (m,
2H), 6.70 (d, J = 2.4 Hz, 1H), 6.31 (d, J = 2.4 Hz, 1H), 3.84 (s, 3H), 3.21 (s, 3H). 13C
NMR (101 MHz, CDCls) ¢ 192.7, 161.6, 160.8, 147.9, 144.9, 143.5, 141.5, 140.5,
137.8,135.9, 135.5, 131.5, 130.8, 129.8, 129.0, 128.5, 128.4, 127.0, 126.0, 125.6, 122.2,
118.1, 106.9, 99.7, 55.7, 55.6. HR-MS (ESI) m/z calc. for CaoH22"°BrOsS [M+H]":
561.0366, found: 561.0345.
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6-((2-Bromophenyl)sulfonyl)-8,10-dimethoxy-7-phenyl-5H-
dibenzo|a,c][7]annulen-5-one (4Kk)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 21 (145.1 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4k (97.4 mg, 58%) as a white solid. M.p.: 208-210 <. 'H NMR
(400 MHz, CDCls) § 7.90 (d, J = 7.8 Hz, 1H), 7.66 (td, J = 7.7, 1.3 Hz, 1H), 7.61-7.59
(m, 1H), 7.51 (td, J = 7.5, 0.7 Hz, 1H), 7.41 (d, J = 7.0 Hz, 1H), 7.17-7.15 (m, 1H),
7.06-7.02 (m, 2H), 6.98-6.93 (m, 3H), 6.72 (d, J = 2.4 Hz, 1H), 6.32 (d, J = 2.4 Hz,
1H), 3.85 (s, 3H), 3.15 (s, 3H). 3C NMR (101 MHz, CDCls) 5 192.2, 161.4, 161.0,
145.4,145.2, 140.8, 139.3, 139.1, 137.7, 137.0, 134.3,133.4,132.4,131.5, 129.1, 128.3,
128.2, 127.1, 126.7, 126.2, 120.4, 117.7, 107.4, 99.6, 55.6, 55.4. HR-MS (ESI) m/z
calc. for Ca9H22"°BrOsS [M+H]*: 561.0366, found: 561.0359.
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8,10-Dimethoxy-7-phenyl-6-(thiophen-3-ylsulfonyl)-SH-dibenzo[a,c][7]annulen-
5-one (41)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2m (102.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4l (105.4 mg, 72%) as a yellow solid. M.p.: 190-192 <. 'H
NMR (400 MHz, CDCls) § 7.87 (d, J = 7.8 Hz, 1H), 7.68 (td, J = 7.6, 1.6 Hz, 1H),
7.58-7.50 (m, 2H), 7.41 (dd, J = 5.0, 1.3 Hz, 1H), 7.26-7.18 (m, 3H), 6.93 (dd, J = 3.8,

1.3 Hz, 1H), 6.72-6.69 (m, 2H), 6.34 (d, J = 2.4 Hz, 1H), 3.85 (s, 3H), 3.23 (s, 3H). 1*C
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NMR (101 MHz, CDCl3) ¢ 193.2, 161.5, 160.8, 147.3, 145.2, 142.7, 141.9, 140.3,
138.1, 135.8, 134.9, 133.8, 131.3, 128.8, 128.2, 126.9, 126.7, 125.3, 118.2, 106.9, 99.6,
55.6. HR-MS (ESI) m/z calc. for C27H210sS, [M+H]": 489.0825, found: 489.0811.
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8,10-Dimethoxy-6-(naphthalen-2-ylsulfonyl)-7-phenyl-5H-
dibenzo|a,c][7]annulen-5-one (4m)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2n (128.4
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum
ether/EtOAC = 3:1) yielded 4m (76.6mg, 48%) as a yellow oil. *H NMR (400 MHz,
CDCl3) 6 7.86 (d, J = 7.9 Hz, 1H), 7.72-7.69 (m, 2H), 7.63 (s, 1H), 7.60-7.51 (m, 5H),
7.47-7.45 (m, 1H), 7.05-6.98 (m, 2H), 6.68 (d, J = 2.4 Hz, 1H), 6.28 (d, J = 2.3 Hz,
1H), 3.81 (s, 3H), 3.15 (s, 3H). 3C NMR (151 MHz, CDCls) 5 193.2, 161.4, 160.7,
147.3, 145.0, 141.9, 140.3, 138.1, 137.9, 135.9, 134.5, 131.6, 131.3, 130.1, 129.4, 128.9,
128.8, 128.5, 128.3, 128.3, 128.2, 127.6, 127.2, 126.6, 125.6, 118.2, 106.9, 106.8, 99.6,

55.6, 55.5. HR-MS (ESI) m/z calc. for C3sH2505S [M+H]": 533.1417, found: 533.1404.
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4n OMe
8,10-Dimethoxy-6-(methylsulfonyl)-7-phenyl-5H-dibenzo[a,c][7]annulen-5-one
(4n)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 20 (61.2 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4n (40.3 mg, 32%) as a yellow solid. M.p.: 202-204 <C.*H NMR

(400 MHz, CDCls) 6 7.86 (d, J = 7.9 Hz, 1H), 7.65 (dd, J = 13.7, 3.1 Hz, 1H), 7.57—
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7.53 (m, 2H), 7.30 (s, 4H), 6.73 (d, J = 2.4 Hz, 1H), 6.37 (d, J = 2.4 Hz, 1H), 3.87 (s,
3H), 3.27 (s, 3H), 2.87 (s, 3H). 3C NMR (101 MHz, CDCl3) § 194.1, 161.5, 160.8,
146.9, 145.0, 140.5, 140.4, 138.4, 135.9, 131.5, 129.2, 128.5, 128.1, 127.3, 125.7, 118.0,
107.1, 99.8, 55.7, 45.9. HR-MS (ESI) m/z calc. for C2H210s5S [M+H]": 421.1104,
found: 421.1088.
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6-(Ethylsulfonyl)-8,10-dimethoxy-7-phenyl-SH-dibenzo[a,c][7]annulen-5-one (40)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2p (69.6 mg,
0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc=3:1) yielded 40 (52.1 mg, 40%) as a yellow solid. M.p.: 168-170 °C. 'TH NMR
(400 MHz, CDCl3) ¢ 7.85 (d, J = 7.8 Hz, 1H), 7.63 (d, J = 16.7 Hz, 1H), 7.54 (d, J =
15.9 Hz, 2H), 7.29 (s, 4H), 6.72 (d, J = 2.4 Hz, 1H), 6.36 (d, J = 2.4 Hz, 1H), 3.86 (s,
3H), 3.29 (s, 3H), 2.78 (dd, J = 14.2, 7.4 Hz, 1H), 2.36 (dd, J = 14.2, 7.3 Hz, 1H), 0.80
(t, J=7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) J 193.4, 161.5, 160.6, 146.5, 144.6,
140.4, 138.9, 138.2, 135.7, 131.3, 129.0, 128.6, 128.0, 127.3, 125.6, 118.2, 106.8, 99.7,
55.7, 50.2, 6.6. HR-MS (ESI) m/z calc. for C2sH230sS [M+H]": 435.1261, found:
435.1244.

6-(Cyclopropylsulfonyl)-8,10-dimethoxy-7-phenyl-5H-dibenzo[a,c][7]annulen-5-
one (4p)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2q (76.8 mg,

0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
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EtOAc = 3:1) yielded 4p (40.1 mg, 30%) as a yellow solid. M.p.: 200-202 <T.*"H NMR
(400 MHz, CDCl3) § 7.86 (d, J = 7.9 Hz, 1H), 7.66-7.62 (m, 1H), 7.51 (d, J = 4.2 Hz,
2H), 7.29 (s, 4H), 6.72 (d, J = 2.4 Hz, 1H), 6.36 (d, J = 2.3 Hz, 1H), 3.86 (s, 3H), 3.29
(s, 3H), 1.94-1.88 (m, 1H), 1.29-1.25 (m, 1H), 0.87-0.80 (m, 1H), 0.58-0.51 (m, 2H).
13C NMR (101 MHz, CDCls) 6 193.5, 161.4, 160.7, 145.8, 144.8, 141.6, 140.3, 138.8,
135.9, 131.3, 128.8, 128.5, 128.1, 127.2, 125.6, 118.2, 106.9, 99.7, 55.6, 33.7, 6.8, 6.1.
HR-MS (ESI) m/z calc. for C26H2305S [M+H]*: 447.1261, found: 447.1255.

O CF;
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4q MeO

8,10-Dimethoxy-7-phenyl-6-(trifluoromethyl)-5H-dibenzo|a,c][7]annulen-5-one
(49)
The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2r (140.4 mg,
0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4q (56.6 mg, 46%) as a yellow solid. M.p.: 150-152 <C. *H NMR
(600 MHz, CDCls) 5 7.94 (d, J = 7.9 Hz, 1H), 7.70 (dd, J = 7.5, 7.5 Hz, 1H), 7.56 (dd,
J=74,7.4Hz, 1H), 7.50 (d, J = 7.5 Hz, 1H), 7.29-7.28 (m, 3H), 7.22 (s, 2H), 6.76 (d,
J=2.1Hz, 1H), 6.39 (d, J = 2.1 Hz, 1H), 3.88 (s, 3H), 3.26 (s, 3H). 3C NMR (151
MHz, CDCls) 6 195.2, 161.1, 160.6, 145.0 (g, J = 2.0 Hz), 145.0, 140.0, 139.9, 136.4,
131.6, 130.1 (g, J = 19.2 Hz), 128.9, 128.3, 128.0, 127.8, 127.2, 124.9, 121.6 (9, J =
276.3 Hz), 118.5, 106.9, 99.8, 55.6, 55.6. °F NMR (565 MHz, CDCl3) 6 -52.63. HR—
MS (ESI) m/z calc. for C24H1gF303 [M+H]": 411.1203, found: 411.1195.
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6-(Difluoromethyl)-8,10-dimethoxy-7-phenyl-5H-dibenzo[a,c][7]annulen-5-one
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(4r)

The general procedure was followed using 1a (102.6 mg, 0.30 mmol) and 2s (124.2 mg,
0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4r (67.0 mg, 57%) as a yellow solid. M.p.: 120-122 <C.*"H NMR
(400 MHz, CDCl3) 6 7.89 (d, J = 7.8 Hz, 1H), 7.67-7.63 (m, 1H), 7.54-7.50 (m, 2H),
7.33-7.20 (m, 3H), 7.20 (s, 2H), 6.76 (d, J = 2.4 Hz, 1H), 6.38 (d, J = 2.3 Hz, 1H), 6.10
(t, J = 53.6 Hz, 1H), 3.87 (s, 3H), 3.25 (s, 3H). 3C NMR (101 MHz, CDCls) & 196.0,
160.9, 160.2, 145.4, 144.1 (t, J = 9.3 Hz), 140.2, 139.5, 136.5, 133.4 (t, J = 20.2 Hz),
131.4, 128.9, 128.4, 128.1, 127.7, 125.3, 118.4, 112.6 (t, J = 236.8 Hz), 106.9, 99.6,
55.6, 55.6. 1°F NMR (377 MHz, CDCl3) 6 —100.79 (d, J = 315.9 Hz), —114.66 (d, J =
315.9 Hz). HR-MS (ESI) m/z calc. for CsHi19F203 [M+H]": 393.1297, found:
393.1274.

6-(Difluoromethyl)-7-(3,5-dimethylphenyl)-8,10-dimethoxy-5H-
dibenzo[a,c][7]annulen-5-one (4s)

The general procedure was followed using 1p (111.0 mg, 0.30 mmol) and 2s (124.2 mg,
0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4s (54.2 mg, 43%) as a yellow solid. M.p.: 197-199 <T.'H NMR
(400 MHz, CDCl3) & 7.89 (d, J = 7.9 Hz, 1H), 7.67-7.62 (m, 1H), 7.54-7.50 (m, 2H),
6.92 (s, 1H), 6.78 (s, 1H), 6.75 (d, J = 2.3 Hz, 1H), 6.39 (d, J = 2.2 Hz, 1H), 6.18 (t, J
=53.6 Hz, 1H), 3.87 (s, 3H), 3.27 (s, 3H), 2.27 (s, 6H). ¥C NMR (101 MHz, CDCls)
0196.2, 160.7, 160.4, 145.5, 1445 (t, J = 9.3 Hz), 140.1, 139.3, 137.1, 136.5, 133.3 (t,
J=19.2 Hz), 131.3, 129.7, 128.8, 128.4, 126.1, 125.2, 118.7, 112.7 (t, J = 236.3 Hz),
106.9, 99.8, 55.8, 55.6, 21.3. 1°F NMR (377 MHz, CDCl3) 6 —101.14 (d, J = 315.1 Hz),
~114.66 (d, J = 315.2 Hz). HR-MS (ESI) m/z calc. for CasH23F203 [M+H]*: 421.1610,
found: 421.1597.
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7-(4-Bromophenyl)-6-(difluoromethyl)-8,10-dimethoxy-5H-
dibenzo[a,c][7]annulen-5-one (4t)
The general procedure was followed using 1k (126.0 mg, 0.30 mmol) and 2s (124.2 mg,
0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4t (77.6 mg, 55%) as a yellow oil. tH NMR (400 MHz, CDCls)
57.88(d,J=7.9 Hz, 1H), 7.67-7.63 (m, 1H), 7.52 (d, J = 4.2 Hz, 2H), 7.44 (d, J = 8.5
Hz, 2H), 7.07 (d, J = 7.7 Hz, 2H), 6.74 (d, J = 2.4 Hz, 1H), 6.38 (d, J = 2.3 Hz, 1H),
6.10 (t, J = 53.9 Hz, 1H), 3.87 (s, 3H), 3.31 (s, 3H). 13C NMR (101 MHz, CDCls) §
195.7,161.1, 160.0, 145.3, 142.9 (t, J = 9.2 Hz), 140.3, 138.5, 136.4, 133.7 (t, J = 20.2
Hz), 131.5, 130.9, 130.0, 129.0, 128.5, 125.3, 122.2, 117.7, 112.4 (t, J = 237.4 Hz),
106.9, 99.3, 55.6, 55.6. °*F NMR (377 MHz, CDCls) § -100.45 (d, J = 317.4 Hz), -
114.86 (d, J = 317.4 Hz). HR-MS (ESI) m/z calc. for CasHis"BrF203 [M+H]":
471.0402, found: 471.0373.
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6-(Difluoromethyl)-2,8,10-trimethoxy-7-phenyl-5H-dibenzo[a,c][7]annulen-5-one
(4u)

The general procedure was followed using 1c' (111.6 mg, 0.30 mmol) and 2s (124.2
mg, 0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4u (76.0 mg, 60%) as a yellow solid. M.p.: 205-207 <C.'"H NMR
(400 MHz, CDCls) 6 7.51 (d, J = 8.5 Hz, 1H), 7.37 (d, J = 2.3 Hz, 1H), 7.31-7.28 (m,
3H), 7.19 (s, 2H), 7.03 (dd, J = 8.5, 2.4 Hz, 1H), 6.74 (d, J = 2.4 Hz, 1H), 6.37 (d, J =
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2.4 Hz, 1H), 6.09 (t, J = 54.0 Hz, 1H), 3.94 (s, 3H), 3.86 (5, 3H), 3.24 (s, 3H). 3C NMR
(101 MHz, CDCl3) 6 194.8, 162.0, 160.9, 143.8 (t, J = 9.4 Hz), 140.1, 139.6 139.1,
138.6, 133.6 (t, J = 19.2 Hz), 128.4, 128.0, 127.7, 127.7, 118.5, 114.2, 113.8, 112.8 (t,
J = 237.4 Hz), 106.9, 99.6, 55.7, 55.6, 55.6. 19F NMR (377 MHz, CDCls) § ~100.86
(d, J = 315.9 Hz), ~115.01 (d, J = 315.5 Hz). HR-MS (ESI) m/z calc. for CasHz1F204
[M+H]*: 423.1403, found: 423.1379.

CFoH

4v MeO
2-Chloro-6-(difluoromethyl)-8,10-dimethoxy-7-phenyl-5H-
dibenzo[a,c][7]annulen-5-one (4v)
The general procedure was followed using 1e' (112.8 mg, 0.30 mmol) and 2s (124.2
mg, 0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4v (57.5 mg, 45%) as a yellow solid. M.p.: 180-182 <T.'H NMR
(400 MHz, CDCls) & 7.87 (s, 1H), 7.50-7.42 (m, 2H), 7.31-7.26 (m, 3H), 7.18 (s, 2H),
6.71 (d, J = 2.3 Hz, 1H), 6.40 (d, J = 2.2 Hz, 1H), 6.10 (t, J = 53.9 Hz, 1H), 3.88 (s,
3H), 3.25 (s, 3H). 13C NMR (101 MHz, CDCl3) 6 194.9, 161.1, 160.3, 144.4 (t, J = 9.3
Hz), 143.7,139.2, 138.8, 138.2, 137.4, 133.4 (t, J = 20.2 Hz), 133.0, 128.9, 128.4, 128.2,
127.8,126.9, 118.5, 114.0, 112.6 (t, J = 237.4 Hz), 106.7, 100.1, 55.7, 55.6. 1°F NMR
(377 MHz, CDCls) 6 —100.50 (d, J = 317.4 Hz), -114.90 (d, J = 317.4 Hz). HR-MS
(ESI) m/z calc. for C24H1s®CIF203 [M+H]*: 427.0907, found: 427.0868.

CF,H

4w MeO

6-(Difluoromethyl)-8,10-dimethoxy-2-methyl-7-phenyl-5H-

dibenzo[a,c][7]annulen-5-one (4w)
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The general procedure was followed using 1d* (106.8 mg, 0.30 mmol) and 2s (124.2
mg, 0.9 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 4w (75.5 mg, 62%) as a yellow solid. M.p.: 179-181 <C.H
NMR (400 MHz, CDCls) 6 7.67 (s, 1H), 7.44 (d, J = 7.7 Hz, 1H), 7.34-7.26 (m, 4H),
7.18 (s, 2H), 6.74 (s, 1H), 6.37 (s, 1H), 6.08 (t, J = 54.0 Hz, 1H), 3.88 (s, 3H), 3.24 (s,
3H), 2.52 (s, 3H). 33C NMR (101 MHz, CDCls) 6 195.8, 160.9, 160.2, 144.0 (t, J = 9.4
Hz), 143.3,141.8, 140.4, 140.0, 136.6, 133.6 (t, J = 20.2 Hz), 129.7, 129.0, 128.4, 128.0,
127.7, 118.6, 112.8 (t, J = 236.3 Hz), 106.9, 99.5, 55.6, 21.90. °F NMR (377 MHz,
CDCl3) §-100.88 (d, J = 315.8 Hz), —114.83 (d, J = 315.9 Hz). HR-MS (ESI) m/z calc.
for CasH21F203 [M+H]*: 407.1454, found: 407.1448.

O Ts
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(2)-1-(3',5'-Dimethoxy-[1,1'-biphenyl]-2-yl)-3-phenyl-2-tosylprop-2-en-1-one (12)
The general procedure was followed using 1la (102.6 mg, 0.30 mmol) and 2a (107.0
mg, 0.6 mmol). Purification by column chromatography on silica gel (petroleum ether/
EtOAc = 3:1) yielded 12 (74.7 mg, 50%) as a yellow solid (This compound can be
prepared under the standard condition without electricity). M.p.: 127-129 <T.'H NMR
(600 MHz, CDCls) 6 7.42 (td, J = 7.6, 1.2 Hz, 1H), 7.33 (d, J = 7.3 Hz, 1H), 7.31 (d, J
= 6.6 Hz, 1H), 7.24-7.21 (m, 4H), 7.17-7.11 (m, 4H), 7.05 (s, 1H), 6.88 (d, J = 7.2 Hz,
1H), 6.63 (dd, J = 2.2, 2.2 Hz, 1H), 6.47 (d, J = 2.2 Hz, 2H), 3.87 (s, 6H), 2.37 (s, 3H).
13C NMR (151 MHz, CDCls) 6 195.1, 161.2, 148.8, 144.6, 142.1, 141.3, 139.2, 134.3,
133.5,131.6,129.8, 129.6, 129.4, 129.4, 129.2, 129.0, 129.0, 127.7, 127.6, 107.8, 100.8,
55.6,21.7. HR-MS (ESI) m/z calc. for C3oH2705S [M+H]*: 499.1574, found: 499.1550.
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4. Synthesis of NSC 51046 analogue 9 from product 3a

Ts perylene (5 mol%)

MeO
OO o FPrEIN (8.0 equiv) o
MeCN/THF (5:1),
OMe OMe
blue LEDs, 30 W, 10 h

MeO MeO

3,8,10-Trimethoxy-7-phenyl-5H-dibenzo[a,c][7]annulen-5-one (5)

Compound 3-1 (1 mmol, 526.0 mg) was placed into a Schlenk tube, perylene (12.8 mg,
0.05 mmol) was added and the flask was evaculated and back filled with N». Then, i-
PrEtN (8.0 eq.) and the solvent mixture (10 mL) were added. The solution was kept
stirring under irradiation of 30 W blue LEDs at room temperature for 10 h. Afterwards,
the solution was diluted with CH>Cl, and transferred to a round bottom flask. Silica
was added to the flask and volatiles were evaporated under vacuum. The purification
was performed by flash column chromatography on silica gel (petroleum ether/ EtOAc
= 5:1) to obtain product 5 (275.3 mg, 74% yield) as a yellow oil.'H NMR (400 MHz,
CDClI3) 6 7.89 (d, J = 9.5 Hz, 1H), 7.30-7.29 (m, 5H), 7.22-7.21 (m, 2H), 6.81 (d, J =
2.4 Hz, 1H), 6.64 (s, 1H), 6.47 (d, J = 2.4 Hz, 1H), 3.91 (d, J = 1.0 Hz, 6H), 3.36 (s,
3H). *C NMR (101 MHz, CDCls) 6 196.0, 160.2, 159.8, 159.6, 146.0, 144.8, 144.3,
140.4, 131.8, 131.0, 130.7, 128.1, 127.4, 125.9, 118.9, 118.2, 109.8, 107.0, 99.0, 55.8,
55.7, 55.5. HR-MS (ESI) m/z calc. for C24H2104 [M+H]™: 373.1435, found: 373.1436.

o)
pety
)
oMe _Ha: PdIC (10 mol %) O e

MeOH, rt, 10 h

MeO
5 6

MeO

(S)-3,8,10-Trimethoxy-7-phenyl-6,7-dihydro-5H-dibenzo[a,c][7]annulen-5-one (6)
5 (0.3 mmol, 111.6 mg) was placed into a flask, MeOH (5 mL) was added and the
solution was stirred until the solid was completely dissolved. Pd/C (10 mol %, 20 mg,

0.02 mmol) was added and the solution purged with H> three times. The solution was
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kept stirring at room temperature for 10 h. Subsequently, the solution was diluted with
CH2ClI; and transferred to a round bottom flask. Silica was added to the flask and
volatiles were evaporated under vacuum. The purification was performed by flash
column chromatography on silica gel (petroleum ether/ EtOAc = 5:1) to obtain product
6 (72.9 mg, 65%) as a white solid (Pay attention! TLC shows that the polarities of the
two compounds 5 and 6 are very similar). M.p.: 160-162 °C. 'H NMR (400 MHz,
CDCl3) 6 7.13 (d, J = 8.6 Hz, 1H), 7.05 (d, J = 2.8 Hz, 1H), 6.98 (t, J = 7.6 Hz, 2H),
6.91 (t, J = 6.7 Hz, 3H), 6.86 (dd, J = 8.6, 2.8 Hz, 1H), 6.56 (dd, J = 11.6, 2.4 Hz, 2H),
5.16 (t, J = 3.6 Hz, 1H), 3.87 (s, 6H), 3.79 (d, J = 4.8 Hz, 1H), 3.75 (s, 3H), 3.23 (dd, J
=19.6, 3.6 Hz, 1H). 3C NMR (101 MHz, CDCIls) 6 204.3, 159.6, 158.7, 157.5, 141.4,
141.2,139.3, 132.7, 131.6, 127.8, 126.8, 125.3, 123.3, 119.5, 111.9, 107.8, 97.8, 56.2,
55.6, 55.5, 49.7. HR-MS (ESI) m/z calc. for CosH2304 [M+H]*: 375.1591, found:

375.1573.
X

@)
MeO Ph COzP NRs MeO Ph
20 bar H,, aq. NH3
O OMe

OMe
EtOH, 120 °C, 20 h

MeO MeO

6 X =OH, 7: 55%

X = NH,, 8: 40%
Co2P NR powder (15 mg) was placed in a 50 mL stainless-steel autoclave with a Teflon
inner cylinder, followed by addition of substrate (0.3 mmol), solvent (3 mL). The
reaction mixture was stirred vigorously at 120 <T under 20 bar of H.%3 The reaction
progress was monitored by TLC until full consumption of the starting material. Neutral
alumina was added to the flask and volatiles were evaporated under vacuum. The
purification was performed by flash column chromatography using neutral alumina as
stationary phase (dichloromethane/ methanol = 10:1) to obtain alcohol 7 (62.0 mg, 55%
yield). 'H NMR (400 MHz, CDCls) 6 7.21 (d, J = 2.2 Hz, 1H), 6.90-6.82 (m, 4H), 6.65
(d, J = 7.4 Hz, 2H), 6.61 (dd, J = 8.4, 2.5 Hz, 1H), 6.53 (d, J = 2.3 Hz, 1H), 6.39 (d, J
= 2.4 Hz, 1H), 5.04 (d, J = 8.9 Hz, 1H), 4.85-4.80 (m, 1H), 3.90 (s, 3H), 3.82 (s, 6H),
2.94 (s, 2H). C NMR (101 MHz, CDClIs) 6 159.5, 159.1, 157.6, 145.0, 143.3, 141.9,
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130.8, 129.5, 127.2, 126.9, 124.4, 123.8, 112.5, 108.0, 106.4, 97.4, 69.7, 56.1, 55.5,
55.4, 43.1, 33.7. HR-MS (ESI) m/z calc. for CosH2s04 [M+H]": 377.1748, found:
377.1742. At the same time, amine 8 (45.0 mg,40%) was obtained as a yellow oil. 'H
NMR (400 MHz, CDCls) § 7.31 (s, 1H), 7.11 (dd, J = 6.9, 6.9 Hz, 1H), 7.04 (dd, J =
6.8, 6.8 Hz, 1H), 6.90-6.82 (m, 2H), 6.62 (td, J = 8.4, 2.4 Hz, 1H), 6.55 (dd, J = 6.5,
2.4 Hz, 1H), 6.41 (t, J = 2.2 Hz, 1H), 4.29-4.24 (m, 2H), 3.92-3.75 (m, 9H), 3.21-3.13
(m, 1H), 3.03-2.83 (M, 1H). *C NMR (101 MHz, CDCls) 6 159.4, 158.2, 157.6, 144.1,
142.1,132.1, 129.8, 127.4, 127.2, 127.0, 126.8, 124.9, 123.0, 112.5, 108.6, 99.0, 56.0,
55.7, 55.6, 55.5, 55.5, 29.8. HR-MS (ESI) m/z calc. for C24H26NO3z [M+H]*: 376.1907,
found: 376.1894. (Pay attention! Compound 8 can also be obtained by reductive

amination using NaBH3CN and NHsOAc)!*"!

Ac
HN

H,oN
MeO O. Ph MeO Ph
OMe AcO Q OMe

CH,Cl,, RT, 6 h O

MeO
9

MeO
8

To a solution of amine 8 (56.4 mg, 0.15 mmol) in CH2Cl> (5 mL) was added acetic
anhydride (33 uL, 0.37 mmol) at 0 <C. The reaction was allowed to warm to room
temperature and was then stirred for 6 h before concentration in vacuo. ! The crude
compound was purified by silica gel chromatography (petroleum ether/ EtOAc = 5:1)
and the corresponding amide 9 (59.4 mg, 95%) was obtained as a yellow oil. 'H NMR
(400 MHz, CDCl3) § 6.98-6.92 (m, 3H), 6.92 (d, J = 6.4 Hz, 1H), 6.82 (t, J = 7.3 Hz,
3H), 6.69 (d, J = 7.0 Hz, 1H), 6.49 (s, 2H), 5.70 (m, 1H), 5.12 (m, 1H), 3.85 (s, 3H),
3.79 (s, 3H), 3.72 (s, 3H), 3.20 (m, 1H), 2.49 (m, 1H), 1.76 (s, 3H). 13C NMR (101
MHz, CDCIs) ¢ 168.7, 159.7, 159.3, 158.1, 144.4, 142.4, 140.8, 132.4, 130.5, 129.6,
127.3, 126.8, 124.8, 123.2, 113.0, 106.3, 98.2, 56.0, 55.5, 55.5, 51.8, 42.1, 23.6.
HR-MS (ESI) m/z calc. for CosH2sNO4 [M+H]*: 418.2013, found: 418.1999.
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5. Mechanistic Studies
5.1 Radical Trapping Experiment

—— .
O S
] GFI |:|Pt

S, .
+ /©/ ONa £ NCIo, (0.1 M)
Mo MeCN/H,O (3:1)

O,
10 2a 50°C,4mA, 8h 1

To a 25 mL Schlenk tube containing 10 (0.3 mmol, 1.0 equiv.), 2a (0.3 mmol, 1.0 equiv.),
Et4NCIO4 (92 mg, 0.1 M) were added and subsequently dissolved in a mixture of MeCN
/H20 (3:1, 4 mL). Electrocatalysis was performed at 50 °C with a constant current of
4.0 mA maintained for 8 h. The GF anode was washed with ethyl acetate (3 x 5 mL) in
an ultrasonic bath and transfered to the round bottom flask with the crude reaction
solution. Silica was added to the flask and all volatiles were evaporated under vacuum.
Purification by column chromatography on silica gel (petroleum ether/ EtOAc = 10:1)
delivered product 11 (42.0 mg, 47%). *H NMR (600 MHz, CDCls) 6 7.67 (d, J = 8.2
Hz, 2H), 7.21 (d, J = 7.9 Hz, 2H), 7.13-7.12 (m, 1H), 7.10-7.06 (m, 3H), 5.90 (t, J =
4.7 Hz, 1H), 4.20 (s, 2H), 2.69 (t, J = 8.1 Hz, 2H), 2.37 (s, 3H), 2.24-2.20 (m, 2H). 13C
NMR (151 MHz, CDCls) ¢ 144.7, 136.0, 135.5, 134.9, 132.8, 129.5, 128.8, 127.7,
127.4, 126.4, 126.0, 123.3, 60.1, 27.8, 23.4, 21.7. This compound is known and the
NMR data match previous reported.t!
5.2 Cyclic Voltammetry

CV measurements were conducted with a CHI660D potentiostat. For all experiments,
a glassy carbon working electrode (disk, diameter: 3 mm), a platinum wire counter
electrode, and an Ag/AgCl reference electrode were employed. All cyclic
voltammograms were obtained at room temperature with a scan rate of 100 mV/s. The
CV of target molecule (10 mM) was performed in acetonitrile containing 50 mM
nBusNPF4. Deviations from the general experimental setup were indicated in the

respective figures and descriptions.
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Figure S-1 Cyclic voltammograms.

6. References

[1] Y. Zhang, D. Guo, S. Ye, Z. Liu, G. Zhu, Org. Lett. 2017, 19, 1302-1305.

[2] Y. Yang, J. Zhang, B. Hu, M. Ji, S. Ye, G. Zhu, Org. Lett. 2018, 20, 2988-2992.

[3] (a) M. Sheng, S. Fujita, S. Yamaguchi, J. Yamasaki, K. Nakajima, S. Yamazoe,
T.Mizugaki, T. Mitsudome, JACS Au 2021, 1, 501-507; (b) N. Sitnikov, J. Velder,
L. Abodo, N. Cuvelier, J. Neudorfl, A. Prokop, G. Krause, A. R. Fedorov, H.-G.
Schmalz, Chem. Eur. J. 2012, 18, 12096-12102.

[4] K. D. Collins, A. Riihling, F. Lied, F. Glorius, Chem. Eur. J. 2014, 20, 3800—3805.

[5] P. Chen, Q. Zhou, Z. Chen, Y.-K. Liu, Y. Liang, K.-W. Tang, Org. Biomol. Chem.
2020, /8, 7345-7354.

545



7. NMR Spectra

862 e—

ooze—

SPeE—

Ts

Ph

OMe

MeO

3a
"H NMR (600 MHz, CDCl3)

Fooe

Fooe

Eo0e

=660

“oo
90T
\0E
86}

=E0z
=20}
=00}

f1 (ppm)

95’k —

95'585
85 mmv

§6'9L
9l RW.
L1842

£9'66—

18'80L—

e8I —
8r Sl

Gl mmf/
a8 \.N,‘/.

8B LZL
€L8zlk

L8zl
€68z
gL LEL

¥8'5EL
12'8eL
re8el
ocorl
0z'zpl
LSEprL

80'G¢L
98'9prl
€08k

relal

G5eel—

Ts

Ph

OMe

MeO

3a
13C NMR (151 MHz, CDCl5)

T
90

)

T T T T T T T T
170 160 150 140 130 120 110 100
£1 (ppm)

T
180

T
190

T
200



Fa0 L —

9ET—

Ph

t-Bu

3b
"H NMR (600 MHz, CDCls)

=006 |

b LA

0oL
v
z0'¥
- ook
z0

| o

=)

By lZ—

IB0E—
BSPE—

GE'9L
al nmv
LELL

GE'0S

LeEs—

t-Bu

Ts
3C NMR (151 MHz, CDCl3)

3b

I ﬂ .\

180 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

200

S47



L8V —

ST
FZeT—

Ts

Ph

Me

Me

3c
TH NMR (600 MHz, CDCl5)

=10E

=00E

mea.m

J

- By lZ—

- LBOE—
BE'pE—

Lwe GE'9L
- mf.mmv
LEiL

320501

Ts

Ph

Me

Me

[

3
3C NMR (151 MHz, CDCl3)

I ﬂ .\

190 180 170 160 150 140 130 120 110 100 %0
f1 (ppm)

200

548



e —

Ph

3d
TH NMR (600 MHz, CDCl3)

=00

3.0

4.0

4.5
1 (ppm)

8.0

£Lhi—

G684
al .Q.W
LELL

AE'STL
8541
998zl
laazl
88871
OL'BZL

CrerL

95E6L—

Ts

Ph

3d
3C NMR (151 MHz, CDCl5)

120

=)
in

w @
f1 (ppm
S49

110

0 140 130

15

] 160

7

180 180 1

200



oe—
Zorc—

695'8—

289
ELIA
[
[C

88 Ly
oee" 2
Ve 2
£be ]
S0p° 2
2pp i
Lo 2
8152
0252
9154
5852
e
5694
D644
£08°2

Ts

Ph

Me
"H NMR (600 MHz, CDClj)

3e

=00e
4

00E

[T TN
[l

S694
b di-
8L

bESZL
et
FA= A
EB'BZL
06T
ETETL

al'lEel
6l fme.
brlel
SECEL
L9'FEL
PEEEL
94GEL
9ELEL
LG LEL
BI'BEL
LO0EPL
LEpRL
el
SEErL

ELEBL—

Ts

e

Ph
3 Me
13C NMR (151 MHz, CDCl5)

llnlm

140

190

110 100 a0
£l (ppm

120

120

160 150

170

180

200

S50



ElrT—

SIprE—

Glae—

6179
3679
169
il
E17L
0972
€67 L
9062
168 L
868 L
Bab I~
1551

L5840
Em.hv

azl'a
8cle
Orl&
brle

Ts
Ph

O

MeO

MeO

O 3f
"H NMR (600 MHz, CDCl3)

A

—I0E

86T

~66T

=002

£1 (ppm}

lag—

924G~
ZH09~,
£671977

mm.mh
w,..th-
LELL

£9°9Z b
T0iTh
B14T)
£V iTh
£5/2)
00°8ZH
SE'8ZH
0Z6zH
BEETH
9008}
B0E}
05EE I,
NG
POBEL-

B9BEL
LEOPE
S8°0r 1

6#;
L5brL
9065 1 —
8zzal—

606 —
EERL—

Ts
Ph

o)
O 3f
3C NMR (151 MHz, CDClg)

MeO
MeO

0

10

90 80 70 60 50 40 30 20

190 170 150 130 110

210

1 (ppm)

S51



ez T—

bZe—

GIBE—

O Ts

-
OMe

H NMR (600 MHz, CDCls)

3g MeO

|

Fe65

Fooe

FBE¢E

)

G

)
[

)

)

f1 (ppm)

=l
) —Nv

6565
89 mmv

§6'9L
EIyY
124

99'66 —

690l —

8r8LL—
0552
mvhw(W
€0 mmﬁv
a0'szL
£L8ZL
68821
rhLel
P GEL
88'5EL
GBLEL
606l
az'orl
88'Lyl
3=Rol

81'5pl
chipl
z8'08l

LZLel

aL'eel—

Ts

Me

OMe

3g MeO
3C NMR (151 MHz, CDCl,)

T
90

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100
£1 (ppm)

T
200




L¥TT—

Oize—

LPLE~
LBLE

Ts

@)

OMe

OO

3h  MeO
"H NMR (600 MHz, CDCl5)

Lo

662

Fooe

.

86C
«moo.m

- 68}

50

Lot
ol
0L

Sl
_.m:wv

6565
eie] mmv

5684
9l hhv
LELL

1 (ppm)
w
o
o
T

BLGrL

28091~
LZ18L

9LEBL—

Ts

OMe

OMe

MeO
3C NMR (151 MHz, CDCl3)

3h

Lo
iw

T T T T T T T T
170 160 150 140 130 120 110 100 a0
£l (ppm

T
180

T
190

T
200

S53



EBEC—

GETE—

ozgE—

hoE'e,
49658
£69 m}.
56’9
598 w%
550°2
S0 1>
092" 4~
Z90°in,
59K 2]
082
pap L
0492
ZL5 4]
6252
V€54
0vg'
[TEm
599°2
£99°4
5284
Bpg'L

S——tr

Ts

OMe

MeO

3i
"H NMR (400 MHz, CDCls)

GG Z

Fooe

=00€

JTQG,.

0}
ooz
= 50T
=20¢

M@o 3
J.Nn_ 3

fA
=zol

0.0

2.0

4.0

4
f1 (ppm)

r:)
I3

6.0

8.0

5.0

E5hT—

0555
65 mmv'

ve'as
w,..hhv
aris

SFGTL
LLLTL
88T
a8zl
666
BCIEL
9L°GEL
,.m.mm,..w
EEQF L
08Er L
LB'PrL
(7= 4%
£5°081
mN._‘m,.W
v vw,‘\
mh.mwﬁ

BT'EGL—

Ts

OMe

MeO
3C NMR (101 MHz, CDCl5)

180 170 160 150 140 130 120 110 100 90
£1 (ppm)

180

200

S54



QEEELL-—

Ts

OMe

MeO
3TF NMR (377 MHz, CDCl5)

3i

T
-0 -110 -120 -130 -140 -180 ~-180 -170 -180 -190 -200 210 -2
f1 (ppm)

T
-90

T
—60

T
—50

T T T
—Z0 -30 40

-10

90eT—

052 E—

gZEE—

0oe's
90e mv.

a9 mV.

8584
966'9
960
sl h%
092 £
25v i
s5v 24
Lt i
viv i
=
765
0552
5v9'L
1992
va9's
892
9za '/
5pa'/

Cl
OMe

MeO

]

Ts
"H NMR (600 MHz, CDClj)

TN

—_— so0e

Fooe

—= =00€

?

f1l (ppm)

S55



09—

ommm
] mmv

PEBL
al .Q.W
a8yl

BEBE—

£6'901—

A
16921
6171
ezl
mmmwQ«
S06TH
e el
nmmmr\
iB9EL
9.8E)
BEOR

CEERL
SETFL

05081~
151817

PTESL—

A

f1 (ppm

120 110

130

Cl

140

0

5i

1

|

Ts
MeO
3C NMR (101 MHz, CDClj)
170

180

3j
I
180

200

09—

ommm
] mmv

PEBL
al .Q.W
a8yl

BEBE—

£6'901—

A
16921
6171
ezl
mmmwQ«
S06TH
e el
nmmmr\
iB9EL
9.8E)
BEOR

CEERL
SETFL

05081~
151817

PTESL—

f1 (ppm
S56

Br

0

5i

Ts
MeO
170 160 1

180

3k
"H NMR (400 MHz, CDCls)

180

200



Eg'le—

[3=geie)
vm.mmv

GE'9L
al NNW
LELL

ZreEe—

L8901 —

POl
STTTH
GE'GTL

8622}
18zl
ze'8zl
506Z 1
PEETI—
geel”
LESEL—
BELENT
58l
353\
VLTl
PEER
0oy
oSyl
£3001~
33191~

ZTEBL—

Ts

Br

OMe

MeO

3k
3C NMR (151 MHz, CDCl5)

130 180 17 160 150 140 130 120 110 100 90
1 {ppm)

200

88T —

b E—

LPEE—

CN
OMe

Ts
MeO
"H NMR (400 MHz, CDCls)

3l

Y B i

=00¢€

=10E

=Il0E

N
£l (ppm
S57




GElT—

mm.mm
vm.mmv

FE'SL
m_‘.mhv
mth

BE'GE—

L0004~

or el
i)
995zl
098zl
. va.\\w
abes)
0g'sel
Pm.mm&\a
Lsor
g.mﬁ\
savrl
ze1sL

E0 MO~
BE 9L

BE'T6L—

Ts

CN

OMe

MeO

3l
3C NMR (101 MHz, CDClj)

190 180 170 160 150 140 120 120 110 100 90
£1 (ppm}

200

862C— -

EBTE—

SIEE—

4828
Nmm.mv

2099~
1ERe
556°9
150"
02027
09z 2"
08p°L
06k 2
Z6l L
0752
1254
z85'L
€52
BY9'L
059°L
£14L
924l
6942
ziLl

Ts Br
OMe

_— i | ,L, Y B | | ALL I B -

(0]
3m MeO
TH NMR (600 MHz, CDCl5)

=I0E

=00e

66T

1 (ppm

S58



Fo i
F=
s
e
Le
PoLE— - o { o
3 IGES
| |
L < -
| L
F2 Yol z— - —£0€
e5s, A - =Z0€
55'55 L=
Le L_ o
Le _ r M
56'9. apz'e— ‘J_ F66T
mftw. | .
£LL Fa _ F ot
1
918E— = =ig¢
Lo ! °
S | e
]
1886— — L2 g .
58 Le
b
80— R — o |
= i
(]
Bmﬁ/ =] "
rO'8CH B Fia
€281 B = “
LBZL-F - ———--— Ls
B0'ECH ——— - -
PSECH e e
9E'IEL — =
00ZEL — 1 3 rez o, —_ -— =001
ZE'SEL o e 7554 o ﬁ Lo
529 (@] - 6£99 &) .
LErh ()] ] £69'9 o [a) ;
BEEYL @) 658'9 O B
Wu . 588'9-7 W a -
N 91894 [0} N =
BLBG) [— L2 =
TEial— o @] T — g 886 &w s T _
om S 200°2 Py s
» 8802 [y B
- = o =
= ) FE 9512 S
o= 094 o3 Z
> = [ & m e
x g 655 L e F
(@) = s A 7652 o s “
= 60941 cS
£ - 059 » o
* (@) Fa [EED T [
zZEl— ® - 2994 -
0922
= 6144 L=
=] @

£1 (ppm)
S59



S~
= T

565
1565

a9l
9l thLﬁ
mw.hh

EEBE—

00°204—

60°5C )
a8/cl
S08T
0EBC
9882}
68'8C}
9E'BC
Sz 1EL
LFEEL
cosel
£58El
E9ER)

el
1

09I~
N1

05°E6 11—

Ts Me
OMe

o}
3n MeO
3C NMR (101 MHz, CDClj)

180 170 160 150 140 130 120 110 100 90
£l (ppm)

190

200

£80C—
£BC—

asle—

£Z8E—

Smm
p05'5”
1690
5699
£E60
796 mW
vI6D
Tro L
09z 24"
1657
Boe 1
815/
185/
7ol
5592
589/
8992
9197
0892
0o/
£08 L

Ao

|

—ooe
=00¢

= =I0E

OMe

O Ts
30 MeO
"H NMR (600 MHz, CDCl5)

— =00

f1l (ppm)

S60



8Lz~
erAs

L5585
mo.mmv

G6'9L
9l
Le4L

LLB6—

L8090l —

£eBLL—
Bb'G2L
59 mm_%
BLLZh~
94°821]
59'821
9,821
58821
5L LELY
£8'5EL
1Z'9el
10'881
i
i

L

LV6EL
L1207l
0z'Zrl
£EEpl
Rl
50'L7)
08°091
T

—

Loesl—

Me
OMe

Ts
MeO
3C NMR (151 MHz, CDCl5)

3o

MMJ

|

I

L

120

190

100 90

110

60 130 140 130

170

180

200

fl

(ppm)

bobe—
62—

6L E—

rgE—

%oom

=00e

—1l0E

-

e —_~

[0) = 03

= a
(0]

= ©

O T

° s

= S

M4(

[n'd

© =

o Z

=

- =00E

T

£l (ppm

S61



60°bZ~,
B 127

Lzerl

L6091
mN._va

9LE6L—

Me

Ts

OMe Me

3p MeO
3C NMR (101 MHz, CDCl3)

T
100
f1 (ppm}

T
20

T T T T T T
170 1860 130 140 130 120 110

T
180

T
190

T
200

PET—

9rEE—

E98°E—

Ts

L

y

OMe

39 MeO
"H NMR (600 MHz, CDCl5)

Fe6T

Fooe

Fooe

1w

i

1w
i

)

1w

w0

9.0

£1 (ppm)

S62



85'le—

£9'G5
5455

a9l
w,..th
arLs

0566~
aLior
02'804
mm.mo_‘V.

GGTL
008zl
806
Fa'BTL
EG'BTL
BLIEL
=13 wva.
GaGEL
0 ,..mm_‘J//.
FrOFI~C
FPOErI—

Z9Er L
g1Grl
6107}

LParl
LA
8209k~
8e Ll

BSEGL—

Ts

/—0

OMe

MeO

3q
3C NMR (101 MHz, CDClj)

T T T
180 170 160 150

T
180

T
200

66—

LiZE
414 mW
8IFE
GPOE
=8 mM

9l8E
628 mN

11

=66

=00€E

i!oo.m
= Hoo.m

lOE

IRNTH S |

OMe

OMe
OMe OMe

Ts
MeO

3r
"H NMR (400 MHz, CDCl,)

f1 (ppm

S63



0Lhe—

PEGE~
68'557

89l
w,..th..
arls

BTBE—

oz 01
25—
689} I~
FEI
k4 mm:/
aeig
bEgi
SE6ZL
gg i1
69551
po'E L~
5907 b
05w b
e
gt
12pw1]

LE09 b~
oa'lel-"

LOEGL—

OMe

Ts

OMe

O OMe OMe

MeO

3r
3C NMR (101 MHz, CDCl5)

T
180

T
150

T
200

£1 (ppm)

LEVE—

GE0E—

Oeg'E—

mhm.wv

BEE8
mmh.wW
[12%:)
256'9
£46'9
09Z°4
mmv.m./
LA
mmv.\...ﬂ
0094
mam.m.\
6484
G894
FOL L
Glid
[XAS
E9L4
€844
8084
8284

-|HN Fuez

—=F00€
=00€
—~
g
O =460
° o
s o #q?
N a0}
O T =0T
=
Lol
O 0§ Foe
-z0e
[0) N Te0l
S x =2
=
n 2
© T

f1 (ppm)

S64



Lrle—

mm.mmv

0965

RN
9l'LL
8¥iL

£eeel—

Ts

OMe

3s MeO
13C NMR (101 MHz, CDCl3)

110

190

90

100

120

130

200

(ppm)

fl

69T T—

0oEE—

IPBE—

MeO

3t
"H NMR (400 MHz, CDCls)

L

_

—

1.

3

-

=00

=—\0€E

=00€

=00}

ey
001
00k
70z
e

Ezoe
=o'l
=0}

f1 (ppm)

S65



lgle—

rEE—

pegdl
gt
S6'5Z)
FS 1T
09 £2h
IRt
728zl
£6'87)
PSETL
BlIEL
28581
BlBEL
658E L
ot
85 I}
£5ErL
605t 1

86091
LE vwvv

0Zesl—

Ts

NS

OMe

"

MeO

3t
3C NMR (151 MHz, CDCl5)

GEVT—

S0EE—

958 E—

£1 (ppm)

LLU D

—z0e

—00E

n

OMe

O Ts
3u MeO
H NMR (600 MHz, CDCls)

—0oe

)

f1 (ppm)

S66



)

f1 (ppm)

bo -
- s
re ™
] e
Ls
8y Ie— — | =
1 Lo
@ Q
Lo
B
-
Fa
zeET— =00€
9965~ 2 | e
V668 o
- re
-
| =] [ o
& 90z € =00e
5691
9l RW. Le
e F&
agE— =00€
-
Fg = ke
5L'86— I =% [
e
ov Lol — —
8. m:/ =1 [
19'el
g8 wm_/ ]
8FvEl Lg .
18 qm_% —_ = Fia
9LGzhk e
Ve LZh~, P — -
58821 = FE -
soezk —_ Fa
sreekr — ™
ve szl If > i - szeen, )
ool f S) — ra zeg's | o
sgself — o p
Seb ] a 0289, )
88 L5l @]
1965 | [0) (@) L2 2499 = N
80'6EL - Ip0L =
T EEl S~ n w N 92V iNE % Q I -
95° 0k T Lo 5924~ S
801yl s — = 987 L7 )]
S5 El \ 7)) 1292 [y m L=
9g'erl — ~ _ -
28k = o To) e 08947 w ND e
tiel] > = S o Le
e} s x L o = N
= ) 3z
5 Z - L T [
69'Z6h °L [~ -
e | =
Lg =
=

S67



68'hI—

5565
19 mmv

wmwh
9l th.ﬁ
arLs

28'66—
0z'20b—

mow,._‘
14 m:._‘W
K
hh.mmv/
€6 NNPV
8081

LBz

SE mm_‘\
L8 e
£ ,..mm_.&‘
eyl
SE9r L

PEPG L~
057251~
L9091~
T

Ziegl—

Ph
OMe

)

o}
3V MeO
13C NMR (101 MHz, CDCl3)

120 170 180 150 140 120 120 110 100 90
f1 (ppm)

190

200

98'G)L L—

Ph
OMe

J

o)
3v MeO
19F NMR (377 MHz, CDClj)

T T T
—80 —80 -0 -110 -120 -130 140 -160 160 170 180 -180 -200 210 22
f1 (ppm)

=70

T
~50

S68



EGCT—

648T—

ZelE—

LBLE—

| S N S

N

Ph
OMe

3w MeO
H NMR (400 MHz, CDCl5)

Me

LogL—
PEz—

05'65
=is) mmv

S6'6L
gb'iL
LeLiL

68'Z6L—

E—

Ts
Ph
OMe

3w MeO
3C NMR (151 MHz, CDCl3)

Me

T
180 170 160 150 140 130 120
S69

190

200



Feze—

654 E—

G18E~
L4877

5529
laze”
6699

ey
6v6'9

086’5
9802
mﬁ.h%
0022 \
0922

b2 L
Lid

Ts

o)

Ji

o
() |
= > —10)
c O &)
o a =00}
© pesE
O o & -
()]
s =2
o
C %\ —
14
& =
w z
= x

f1 (ppm)

685l —

LG mmV.

5565
¥8 nmn\

GE'aL
EIyYA
LTl

oL'es—

ge80l—
88'80L—

PO'8LL~
95'84L<"

L9zl
88 nmﬁW

o8zl
858zl
006z
sgezl!
15 8EL
0 mm%
80 apl \
S5Ehh
al'ovh
zzivl

76651
58 omﬁw
oelal

£5'€6l—

OMe

Ts
h

ep

0]
MeO

3x
3C NMR (151 MHz, CDCls)

120

110

130 180 170 160 150 140 130

200

£1 (ppm)

S70



60E°C—

0LeE—

GI8E—

Ts

Ph

OMe

MeO
"H NMR (400 MHz, CDCl,)

3y

I,

=00e

~66C

=00e

=E0

f1 (ppm)

95—

9555
08 mmv.
G694
al th-
LELL

19'66—

98901~
1224l
9ETHL

808
0z'8kL
mm.mtw
20 mm_.%

a8zl
806Z1"

czeel
A
LVEELY,

65 _.w_.‘*

O06EFL
Smww_.%n
GEArL
48091
P _.w_.W
£4 _.m_.n\
Op'ESL

GZTEL—

Ts

Ph

OMe

MeO

3y
3C NMR (151 MHz, CDCl3)

40

=1
o

T T T T
180 170 160 150 140

T
190

T
200

f1 (ppm)

S71



958" L -—

Ts

Ph

OMe

MeO
F NMR (377 MHz, CDCls)

3y

]

o
el
i
=
]
1
o
L&
7
o
]
g
LE
|
o
]
1
- 87—
]
|
o
F3
1
o 60ZE—
Fe
1
L&
! 158'E—
=1
r
2F
S8
‘o
L8
1
L&
1
L&
|
FT
9EE'D
=] mqmmv.
i
By O~
Lo PR
i 69T L
687 2L
=) 6822
]
1652
i 985 4
zI9L
o 8192
F 1842
7082
ke
=

Ts

Cl

OMe

MeO
"H NMR (400 MHz, CDCl5)

3z

A

=00e

=66

=66

=10}

=10
e
860
iy
€0}
0L

=10

=00

)

3.0

)

6.0

f1 (ppm)

572



69lc—

2955
mm.mmv.

Paol
gl
8¥iL

88'66—

LL80L—

S28lL—
062l
88 mm—y
mm.mm_‘vn
258zl

[44 mm—%“
Le8el
0Z'LEL
Zepel
60°GEL
L1e8EL
S8l
B0'6EL

Sl
8l rrl

LLskL
8zl
86°091

0518l

9z'¢el—

Ts
Ph
OMe

MeO
3C NMR (101 MHz, CDCl5)

Cl
3z

100 90
£l (opm)

110

120

130

140

150

160

170

180

190

200

98eT—

POZE—

IpBE—

BEE'S
rrE wv.

Spa'9

e
o 2|
rA YAV

PITL
G6Z huﬂ

VEL AN
02"

Ts
Ph
OMe
MeO

3a’
"H NMR (400 MHz, CDCl5)

Br

e

—

Lchm

=00€

L

— T 0E

.|

1l '(Dp:ﬂ
S73




ELE—

cmmm
<8 mmv'

LCRETS
w,..hhw
arll

98'66—

19901~
zhaih
80°ETh|
S8eH|
S4UTh

9Z'8T 1
F58TH

ZTETH

99'674—
FLTELS,
zovEL"

G28EL
FE mmvw
LOBEL

EENAAY
LErrl
3z
PTivl

LE09 b~
8r el

LLEEl—

Ts

Ph

Br

OMe

MeO

3a’
13C NMR (101 MHz, CDCl3)

T T T
110 100 90
£1 (ppm)

T
120

T
130

T
180 170

T
190

T
200

LPET—

OlLE—

LEBE—

65E'9
£0E wv.

£99.9,
6887
€0 .}"
08¢
1z hW
LEZ L
reesd

584
9584
L0984

084
1964

G262

Ts
Ph
OMe
MeO
"H NMR (600 MHz, CDCl3)

FsC
3b’

[

= 00'E

~—85'C

—0E

=660
=0k
e
S e
[

=002
./5.?

=-£0°}
= G0°)

f1 (ppm)

S74



@ @O O OOOET OO0 O 0

= NOH METO—0NN NONMODHTm= M 0 [ T
[a] = M S N OE 000 09000 00 e b 4O O D =1 M3 o o
@ OO FITIMOON NANANNNANNCE O NN a b

FsC Ph
OMe

3b' MeO
3C NMR (151 MHz, CDCl3)

T T T T T T T T
100 190 180 170 160 150 140 130 120 110 100 90 80 0 80 50 40 30 20 10

-62.581

F3C Ph
OMe

3b' MeO
F NMR (565 MHz, CDCl5)

T T T T T T T T T T T T T T T T T T T
10 0 10 —z0 —30 —40 —50 —60 70 80 —50 -0 -110 -120 130 -140 -160 160 170 -180 -190 -200 210
f1 (ppm)

S75



88—

FalE—

608'E—
PSEE—

Ts

Ph

OMe

MeO

SV S T —

=0o0e

(—

— = 00%

=00E

MeO

3c’
"H NMR (400 MHz, CDCl5)

=00

90—

=00
=00}
| oz
mqqﬁ
Mocf
66°E

2004
Amqf

)

Lo

)

)

f1 (ppm)

95'l2—

555
hm.mm\v\v
8465

5694
wﬁ.hhw.
8L

e —
98801 —

COELL
mmmi.w

}m.mﬁ
cmhwf
964!
£68CL—

68 hmf/.

Lreel
B9'BEL
PE'BEL

ELOrk
ZEErL
areErl
8zark
G084
wm._‘m,.w
E8'18L

69261 —

Ts

Ph

OMe

MeO

MeO

3c’
3C NMR (151 MHz, CDCl5)

=
A

190 180 170 160 130 140 130 120 110 100 90
£1 (ppm)

200

S76



zacT—

BEGT—

991 E—

ZZeE—

raz’a
062 wv
08g's
289'9
EEG'D
[sice]
FOLL
va.mW
0544
894
09z’
BEE'L
95E'L
GLEL
PESL

Ts

Ph

OMe

Me

MeO
"H NMR (400 MHz, CDCl5)

3d'

A

.\

=00€

=00e

=00€e

=00E

=00}

oot
SE0T
z0r
00}
SI0Z

=00t

£1 (ppm)

BT AN
sez

L5585
mm.mmv

p8'aLN

9Ll
8r Rn\.

Sree—

890l —

L6zl
i
srezl”
9B'GEL~
BE8Ti
86'6EL
o ovl/f
55'LpL
zz sl
LT
arEpL
LogrL
0108k~
BZ L9~

SeB8lL
€5 mwﬁ/
89 wwrW

LSE6L—

Ts

Ph

OMe

Me

MeO
3C NMR (101 MHz, CDCl3)

3d'

T
140

T T T
170 60 150

T
180

T
190

T
200

S77



90Ee—

ogle—

ZreE—

11€9
czee”
£55°0,
5788
666D
RN
092 L~
0sh'L
LIRS

[£4=5
th.hv.

[}

Ts
Ph
OMe

MeO
"H NMR (400 MHz, CDClj)

Cl
3e'

)
[

6.0

T3

=)

£1 (ppm)

09'le—

6565
LL mmv

¥B'GL
gb'iL
8riL

olool—

8L90L—

6E8LL
78 mwr/
r0 L2l
86'LCL
808zl
GL'8zl
£8'8¢k
60 mwﬁﬂ.
0z hm,‘V

LSiEL
80'8elL
98 '8el

188
szl
£ b
Lrep
8651
£500L—
psloLY

Zgcel—

S78

Ts
Ph
OMe

MeO
13C NMR (101 MHz, CDCl5)

Cl
3e'




W 4 | S=}
_J | =
3 3
|
| [
| I .
=
8512 4
_ At % B
| Le
A Fs
| | e
— -
FS
| [=]
[ ei
6.TT— -
- 67 55 L
o w | zees B
, o5z e
1
ﬁ o
g9z E— “ - g
:
B S ra9s
) B ¥ Tys
: Lo B4 B
89sE— -
Llnw ~00e
-
u E N
H
B £7'66— —_
] “ [ m
56 /01—
| Erot ) E
= 62 Nﬁ/ -
0891
8l 4zl -
Le 008zl — B
; 188T) _
SIEEL =
. 0z mmr/ E
mww.mv % I w i wm_.W | l.u
s . VE L~ > = :
861 9 o —oo eggelf S ) “ 2
| Lg
o e o e 8 : )
s, o . eserl - ,
i £ 0 g /5 2 N
5 A Sh2 i )
/I = ik o £ 9 1
880°44 = o N rroal o = g
90124 o Nwmﬁ ® = \ -
091 2] Qs K | . S
84121 O~ o = :
21 o =< : 2y :
B8 L 2 = | | = &
S0€ £ = - _ © = 2 N
€98/ &= T i 2 1
mwm.m e R | = 5
L ’
o aresl— mm amu I
0z5 £ o i
[ &
o
rg

f1 (ppm)
S79



oreze—

LB0E—

LreE—

Ts

Ph
OMe

MeO

39’
"H NMR (600 MHz, CDCl5)

Fegz

Fesz

Froe

=£0}

f1 (ppm}

9 T—

E5'55
2] mmv

GE9L
bl
LELL

PLE6—
99 ¥0L—

96’8k —

86921
Cmm_.W
a8p'azl

-
LOBEZL

69 om_.n\.
69'5EL-"

z06el—=
18'6E L)
1201
agop L
rOERL

mmmv_g
GEArL

mm_.w_.
80 Nw_.v.

a0vel—

Ts

Ph
OMe

n_g

MeO

39’

3C NMR (151 MHz, CDCl3)

=
D

f1 (ppm)

S80



022~
[4:xaa

LE9E—

TEE—

TZ0G~
9506
SPE G,
526G

w
~
)
S

o
@
&~
i
—_———r

Ts

Ts

OMe

MeO

3h'
'H NMR (400 MHz, CDCl5)

=667
=00€E

=00€E

66T

Eoo

=00l

=00}

"oz
=005
»E0)
00z
€01
o't
mg |

oLz
mm._‘mv

GE'9L
9l E.W.
1841

9C'86—
£z —
9'80L
Lg'ezl
szeek
Leggh
G azh
6282k
3062k
Srezh
8Z0ck-E
8zEEk,
g vek
89 qﬁw
8L9eh
graet!
Ve bl
el

BL LG~
obzaL<

clesl—

Ts

Ts

OMe

MeO

3h'

3C NMR (151 MHz, CDCl3)

120

100 90

110

190 180 170 160 150 140 130

200

(ppm)

fl

S81



PSLT
m@.vwv.

mmmm
[43 mmW
9695

GT'66—
Zhen—

LLEZ)
EIRErA

12°8TA
vv.mNFW
048zl
9E" 6T
L10EL
mm.qm_‘\

MeO

3n'
3C NMR (151 MHz, CDCl;, DEPT135)

abbz~,
0552~
657
1207
eisz”

GO E—

mmqm
Toro--
597
0E6'S
EEDAN
6814
0z i+
08z 2
6474
0lE L]
0gE' /-
9lp s
280 L
2054
5054
PEg L
ey
9792
P92

¢

Ts
\
OMe
TH NMR (400 MHz, CDCl3)

M

I0E
Aoz
»E0¢T

=009

=Z0T
At

00}
|0E
#20¢
70T
FE0R
2860
pO

)

[T}

£1 (ppm)

582



Lgle—

9e'0e—
e —

09'65—

9LLoL—
€401
Zeacl
808zl
£5'82Z1
95821
¥6'8zl
L6'821
LB'6TL
S0°0€lL
LO0EL~E
0g'Lel—
L8 FEL—
810K~

Lk
Bk rSW
8 _i\
1L Gk

056 —

gH el —

verel—

Ts

Ph

OMe

OMe
3C NMR (101 MHz, CDCl3)

3

110

190

170 60 150 140 130 120 90
£l (ppm)

180

200

86,0
6080
0zZ8'0

28l b~
8T "

£EPZ,
08P 7
aisz’

CilE—

5k
scp w%
6h5 O
£55 ww.
9558
Le99—
08% 4
19z @p
=
£EP in,
95r =
1654
65 L
0852
ze5s
Ti5L
vig s
1652
9652
609 2
219

e —~~~
= o
2

2 O

(o) N

0 0 S
= wm
©

O \— W
—_Z

=

Eloe

Foeg

ooe
chw

=009

)

f1 (ppm)

S83



GEEL—

2T
gize”
B9 4T~
soaz”
£rze—

LE'65—

FE'9L
m_‘.mhw
mth

88'Fr L
LLPEL—

EVI9—

266 —

Me

OMe

OMe
3C NMR (101 MHz, CDCl3)

3j°

N

150 180 170 160 150 140 120 120 110 100
f1 (ppm)

200

LLVE—

FZaE—

S

=00e

OMe

4a
"H NMR (400 MHz, CDCly)

MeO

‘W =66'C

— —00'1

=00l

wmm.o

009
Fopgy
w10Z
=201
S0

)

=]

[
s

£1 (ppm)

S84



95'55
85 mmv

G689
ab'iL
LeiL

19'66—

L8901 —

0z'8k—
15Tl
58 @Nﬁ/
89'iTh~y
€082l
0Z'52l
L£8z)
798zl
LT1E
85'Z¢l
£8'551
91'8gl
zE0pl
TiLbl
9g'Lbl
96'7hl
ze ibl
zL 091
5219l

eesl —

W\
S\
ko)
Ph

(ONe)

OMe

4a

3C NMR (101 MHz, CDCl3)

MeO

T T
120 110

130

150

190

90

100

160 140

170

180

200

(ppm)

fl

0Ll e—

PELE~
A08°E

P —

[0
S
Q >
(@)
o
[0) bC
Oof 3 Si
B L
o =
o
© 2
9L
2>
T

J.LJL |19 I I B

<

=00€

=00E
~00E

=00}

=Z0¢T
ol

ooe
Gl

=0z
G0t
=00}

f1 (ppm

S85



Z5°65
5565
€958

8566 —
58'90L—

Ll —
L28LlL—
9’52l
8. mw—W
66421
£L8cl

L8zl
PO'0Ck
BLLEL
Zeeel
LB'GEL
LZgel
LZ'0pl
vl
5061l
Zrovl
1970817

62 —m—\.

187231

EER

(0]
3 >
@)
)
° O
N
0o £ = o T
D A
o~ —
o
o <
Q=
MN
&)
o

T
110

120

190

90

100

60 130 140 130

170

180

200

fl

(ppm)

BELL
kP
GGl
I

8l8'e—

(OJN©)

\
S

A\

\

\
O

Ph
OMe
4c

"H NMR (400 MHz, CDCl5)

MeO

Ezot

=\0€

=00€E

=z0}

=~£0
0oe
chm
~66}

=10}
Nzl
Azol
=0}

£1 (ppm)

586



[
10527

SLve—

5555
L5 mmv.

89l
9l'LL
8yl

Lg'65—

9g'90L
A
g
1592
8492
0622
962
9l'8zl
zi8L
AN
easel
6295k
A
1Zov
A
56 VS%
poopl

PLPSL—

2409k
zeL9L

SPeel—

=

O

a)

o ©

of& 3 9%
o =
O -
o

O A
nd

Q=

=z

O

©

T
110

120

130

180

100

f1 (ppm

160 150 140

17

190

200

G8lE—

GTRE—

POES,
868
o89e|
EETEN
2108
8604
B60°L

=g
Ve
089/
LS s
0892
0694
1692
z0s s
g9rg L
1984

-

O

o

m ©]

Pely ©) Mu_/n_
\\S

o =

o

o g

3

=2Z

I

—66C

=00e

£1 (ppm)

S87



3 CERE SRIZRITBRTLBEE 8 o mox 29
3 8828 IFBHLBEARARE22 & g NN g
SN TSN T 3 &
F
NS
S
N\
o}
Ph
13..MeO 4d
C NMR (101 MHz, CDCls)
Wi ! \
I
1] I . ‘ H
1 | | |
1. ” \
ZélD I.EJU léD I%D léD I%D ILID léU léD liU IED BID EIU .T'D EIU E:D 4ID 3‘0 ZID I‘D EJ
£l (ppm)
3
b
=]
F
NS
S{
Ph
MeO 4d
"F NMR (377 MHz, CDCl5)
T T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 =20 =30 —40 —50 —60 =70 —80 =50 -100 -110 -120 -130 -140 -150 -160 -170 180 -1%0 -200 -210 —2¢
f1 (ppm)

588



G6LE—

9ER'E—

Cl

‘o
Ph

OMe
4e

%%

O

MeO
"H NMR (400 MHz, CDCl5)

=00E

=10€

LSS5
o] mmv

8'9L
9l Ll
sviL

5966

£1 (ppm)

2690k —

5081 —
z5'5zh
mmmﬁ/
vz8zl

Ze'8th
PS8zl

26'8gt
8062t
et el
Sg'6el
vlecl
al'eel
2eorl
9g'0FL
09'1pL

6 bl
0oLl
9.0

=R

00eeL—

Cl

O O

\
S\\O

\

Ph

OMe

4e

3C NMR (101 MHz, CDCl3)

MeO

|l Nl |

T
110

30

100
f1 (ppm
S89

120

130



961 E—

FPEE—

L 1 do

—

——— =~00€

z
Q >
O

A

m O

pels o ¥4

RY) <

o’ =

I

o N3
Ef

=z

I

= TI0E

£1 (ppm)

8565
99 mmv

89l
9l ELV\
avil

99'86—
00 L0L—

055k,
SEZlL~
vl

85'5Z)
no.hm,‘#

66'LTLF
S¥'ezh
8¥'8el

06zt
LGLEl
LELEL
28'sel
86'.¢l
i
9.0t

L PRl
LB'SPL
058l
8.0k
LEL8L

pPezEl—

prd
Q =
(@)
o
2 ©
29 =
o -
o
@] Z
X
2=
=z
O
«

T T T
120 110 100 90
f1 (ppm
S90

T
130




bOZ'E—

apeE—

NO,

OMe

4g

TH NMR (400 MHz, CDCls)

MeO

=00e

=00e

=00}
=00l
WDD.N

ooe
=002

10
=10€

1 (ppm)

6555
89 mmv.

FE5L
al nmv
8ris

£9'66—

Z0401—
EL4M
mmmﬁ/
zoszl
0zl
raazl
539zl
60921
N_mﬂ.ﬁ
£a'lEl
rEGEL-"
66 €17,
6b0F |
sL0pl

LLFFL
EG AP
698k
656F L

08091~
=Rl

Qs —

NO,

OMe

4g

3C NMR (101 MHz, CDCl3)

MeO

T
110

T
170

T
130

T
180

T
190

T
200

f1 (ppm)

S91



ZalE—

SEE—

S B S

CF3

@)
\\S\\
(@]
Ph
OMe
4h

MeO
"H NMR (400 MHz, CDCl5)

)
y
_
]

=00€

=66¢

=00}

=0

0o
161
Ol

oz

0z
0|
=0}

)
=

PE55
09 mmv.

FB9L
al NNW
B il

1966—

BN
75T}
4t _r
arsziqft
PESTL
6822}
STEC)

f1 (ppm)

Op'8Z L

Nm.mwv“.‘
3] _.m_‘.\.
64 mmv\.

B867EL
mm.oﬂ_‘%
AN
0L¥rh
LS L
s0arl

P08 1~
SO'191-"

EGZ6I—

CF3

OMe

4h

13 MeO
C NMR (101 MHz, CDCl5)

T T T T T T T T T T
150 180 170 160 150 140 130 120 110 100 a0
£1 (ppm)

T
200

592



LBTED—

CF;

\

O O
A\

S

O\
O
Ph

\

OMe

4h

F NMR (377 MHz, CDCl5)

MeO

alzeE—

958 E—

Br

OO0

5
S\\O
Ph

A\

OMe

4i

MeO
"H NMR (400 MHz, CDCl5)

—

Fese

Fooe

ol

Szl

z0Z
_m.wmm |
e
Fooz

ooy
00}

£1 (ppm)

S93



96—

cE'90L—

aogk—
6752}
6 @/
LEIZI
vz 8zl
£e8el
06821
01621
6¢ LSl
06 Ll
£8'5el
1L8El
e 0Pl
z80pl
5 Ll

28'vhl
9Lyl
vL091

¥SL9k

S6Z6L—

Br

@)
\\S\\
0]

0]

Ph

OMe

4i

3C NMR (101 MHz, CDCls)

MeO

120

100 90

f1 (ppm

110

180 170 160 130 140 130

150

200

GETE—

698E—

S

Br

OMe

4

MeO
"H NMR (400 MHz, CDCl3)

Fuiee

Fooe

ErOL

e
=p0e
86}
=p0l
bl
o0z
EZ0)

f1 (ppm)

594



L9BE—

L&'g0L—

608LL—
Lg'sgh
66°6CH
LE9Th—
6282}
c5'8ch
66'821
Lieek
L8oel
av'lel
LG5EL
68'6¢El
L8'Lel
6% 0vk
Ly bl

PSevl
S8'brl
a8yl

0809t
09’19l

2976l —

o o
O
a
o
o .
M N
O & I
\\S\ O ﬁ.M
o
x
o=
0=
=
&)
o

LL

| N

il

90

f1 (ppm

SZhE—

lzge—

4k

MeO
"H NMR (400 MHz, CDCl5)

Fooe

EZ0E

Eool

ool
66T
£z
=E0L
At
r0L
=lol
Azol
gl

S95



PGS
8565

ﬂmwh
m: th.ﬁ
arLs

85'66—

0F'0l—

£2°8T)
oVizh
81821
68T
ELBTL
SIEL
EFZEL
LEEEL
EEPEL
G9LEL
62°0F b
BlGrL-

A Ao
\

8609k,
oF el

Pzl —

O Br

OMe

4k

3C NMR (101 MHz, CDCl3)

MeO

T T T T T T T T T T
190 180 170 180 150 140 130 120 110 100 %0
f1 (ppm}

T
200

ogE—

9ZBE—

S

—
=

= [ooe

\-ln/ﬂv

O

)

Wv O

O N
L
o~ =
o

© S
3g

=z

I

w Eloe -

)

[t

=)

[}

f1 (ppm)

596



6355 —

#8'9L
9l 4L
8y il

La6e—

98'80L—

L8l —
8z'sz)
1L wﬁW
889z}
9L mﬁ.ﬂ
8 mNCa
8z iel
LLEE)
18
6L5€Eh
11'8EL
ze0rk
16 bl
vLZhL
91’5k
e ibl
5209}
9v' L9l

0Z'¢6L—

o

» 2
O

\ /) 0 -
o< > N

o &+ O IW
o’ v =
o

O Z
14

?=

sz

o

®

T
110

190 180 170 160 150 140 130 120 100 90
f1 (ppm

200

PSLE—

BOBE—

Ei6T

\
(@]
Ph
OMe
4m

N\

S

\Y

(OIN©)

MeO
"H NMR (400 MHz, CDCl5)

Fooe
M s
[ =

f1 (ppm)

S97



€555
85 mmv.

56'9L
9l Ll
LELL

958’68 —

#8904
98 mo,‘v

0zek—
56521

79 mNJ/
512k~
g 121
61821

9z 821
1Z8zl

6792 |
08821
269211
52621
500611
9z 154
9 Ll

25VEL]

06'GEl ﬁ
68111

vlgel
£E 0|
6 Ll
66|
92 Lyl
10947

o=l

6L°E6L—

OMe

4m
3C NMR (101 MHz, CDCl3)

MeO

IMHMW

|

|

T
110

120

190

90

100

f1 (ppm

200

bBZ—

ciTeE—

SogE—

coEg
898 mv.

6229
5619
08z
86C
£75'7
4557
885
zES',
079,
989
192
s5e's
LB,

PSR

Ph

OMe

4n

OMe
"H NMR (400 MHz, CDCl5)

-

i

i

=I6T

=00

=i0g

=860

=00}

Rege
=86 |
=10}
Fand!

)

i

f1 (ppm

598



98'5r—

58'65—

LCREDS
mf.mmw
arll

SL66—

L0020L—

Loakl—

BI'GTL
mN.hN_‘%
Zheck
mw.mwvv

LTk
€5 E&.
WsEkY,
OFEEL ﬁa
1807
S O7l _w
g

66'Pr L
a9l

GL09k~
[N Th

LLpEl—

Ph

OMe

OMe 4n
13C NMR (101 MHz, CDCl3)

L=
in

T T T T T T T T T
180 170 160 150 140 120 120 110 100 90
f1 (ppm)

T
190

T
200

0820
mmm.oW
80

SOBE—

o

O

[m)

Wv O

c O W

i ot o=
N4 So
R4
/ <
O O 3
x

(@) =
ON

< T

SR

=66C

ool

Ezo)

=00e

=667

=660

=0l

“pow
wEO0T
~01
i

r:)

[

)
G

f1 (ppm)

S99



0ge—

PZ0s—
99'G5—

89l
w,..hhv
arls

99'66—

£8°901—

zzel—
£9°GZ)
_ﬁm.mﬁ/
00'8Z b~
PO'8CH

B6'8T L
mN.FmF\

ELGEL
FPBEL
LE'8EL
Lrorl
PR
L5arl

0908k~
051917

OF'e6EL—

Lo
o

OMe
13C NMR (101 MHz, CDCl3)

40

T T T
180 170 160 150

T
190

T
200

£1 (ppm)

LBTE—

6S8E—

[3=i)
hmm.wv.

B8lL9

vires
09Z°2
562°29
01§
025°24
818
529°2
BEGS
5hE'

sea )
vea ]
02844

e

,Jl_ __A_M_A,iLL

-
|
",
—
4
|
> ,
S
A, ) S ]
c = - -
\S\\OP o II
o’ = )
= B
o g i
3g )
MN
I

~h

Fvoe

Eioh

=EOL

EFe0)

=66C

=00e

=660

=660

hgge
=0z
B0}
SEOL

)
G

£1 (ppm)

$100



(I
[4: 1

88°EE—

£8°65—

¥8'9L
9lLd
arll

BZIEL
hm.mm_‘$
FEBEL
Jira ciﬁ
CENA S

5207 1]
oasr !

G909k~
8elal-"

PSEGL—

\Y

(@]

Ph
OMe

A\

4p

3C NMR (101 MHz, CDCl5)

0

\

O O
N\

MeO

T T T T T T
140 130 120 110 100 %
f1 (ppm)

50

T T T
150 180 170 160 1

T
200

65TE—

EBBE—

=
pegs
1929
58/
pzz s
26z h/
mmm.hw
BEZ L
£6b L
5054
=y
9854
5954
2892
694
80L4
Se5L
8p6 4

CF;

Ph

OMe

MeO

4q

Fooe

H NMR (400 MHz, CDCls)

=00e

L

1)

3

)
[}

f1 (ppm)

5101



- g
- - QO®MOAMOORNOE— 3N Th o [} —re
[ts] 22 YYSIg9oSsSnEannTagag o 0= 0 ©ln
8 bE SEISUALONSANAANEE o mEe g
1 S A P V

4q MeO
3C NMR (101 MHz, CDCl5)

| | JH i _—

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 0 €0 30 40 0 20 10
f1 (ppm)

-52.63

Ph
OMe

49 MeO
F NMR (377 MHz, CDCl5)

T T T T T T T T T T T T T T T T T T
10 0 10 —z0 —30 —40 —50 —60 70 80 —50 -0 -110 -120 130 -140 -160 160 170 -180 -190 -200 210
f1 (ppm)

5102



GPTE—

L9BE—

CF,H

)

Ph

OMe

MeO

4r
"H NMR (400 MHz, CDCl5)

Fioe

=00e

—v_.c,.

=660

=00

Regz

\0€E
oz
ooy
S50

)

=)
I3

f1 (ppm)

mm.mm
om.mmv

FEOL
w_..._EW
mv.t

8566—

88904,
LDk

19Tl
E.N:W
005117
e

4121
s082h

mqmw,.
hmmwa
ag ,.m,.\.
B OEL
SPEEL

0z'orl
4001
AN
EV'GPL

02094~
680917

PO8EL—

CF,H

O

Ph

OMe

MeO

4r
3C NMR (101 MHz, CDCl3)

L
in

T T T T T T T T
170 160 130 140 130 120 110 100 a0
£l (ppm)

T
180

T
190

T
200

5103



B0~
BETP L

202710k~
89€°001-"

CF,H

o

Ph

OMe

Wl

MeO

4r
F NMR (377 MHz, CDCl3)

ciTe—

GITE—

£l8E—

Me
CF,H

)

! OMe Me

L

(N}

MeO

4s

'H NMR (400 MHz, CDCl5)

—Ymov

=0l

EO0H
el
880

%
e
Sy
20l

f1 (ppm)

5104



& TE BEERTInERTCRELTISE o Qo = o
8 28 SIEBEELA8RERLYN2E & I~ @ 55 =
7 ORI N S T s ) il
Me
O  CFH
CO OMe Me
W
4s MeO
3C NMR (101 MHz, CDCl3) '
]
1 [
T
I
| L
N L | h i. "__l I‘l‘L J 1 )
2&0 IFIJU lISD I%D léD léD lzlﬁ l".SD léU 1 IID IED 9‘0 B‘D TrD éU EID :1‘0 SrD 2‘0 I‘D
f1 (ppm)

100719
101 556

Me
O CF,H
OO OMe Me
4s MeO

F NMR (377 MHz, CDCl3)

114,242
115,079

T T T T T T T T T T T
10 0 10 —20 a0 —40 —B0 —60 -70 —80 —80
f1 (ppm)

$105

T T T T T T T T T T T
100 -110 -120 -130 140 -1G0 160 170 180 180 200



-
- ra
o
g s
LS
P
-
q e
8555,
Fo 0955
-
[es
hee— —  =q0¢ RN
) [ o 912l
W.w. o aris
198E— —b0E
-
5 7L
,
| el
g o8 pEA%
w L0k
zEThA
[o ar N:k
| e LIpLL
| a3 EW
EIS7 41
Lw 9z'szl
- @ A
m , 66°8Z1
€055~ _ E00EL—
—_~ 1 =4 .
BE09~ > — Ta JEE ¥60EL
ziro~ o — 05 18k,
N ! BE'GE
1eE'D a =504 m;mf\
mm O Fa ﬁmgﬁ#
9eL'9 ~ - 812l
e e) N u_.d el 8l
08047 umz T L= BZ'Sr L
80 4+ = BeE L[
09z i~ L = LB8G L~
0Ep 4~ O o .\ . S0k
et 09 S0z e
tmn% < w46
e O ~— E0L
0€9 4 o = —
S s ] [ o
0994
1954 Mm“N
294 T Lo
1o = o
1884
- 99°G6L—
=

10

20

30

a0

100
£1 (ppm)
S106

10

120

Br
140

150

180

CF,H

MeO
13C NMR (101 MHz, CDCl3)

OO

180

O
4t

180

200




GLZGLL
LEP P

9800k,
PEQ'00L-"

CF,H

@)

Br

MeO

4t
F NMR (377 MHz, CDCl3)

T
-120 -130 -140 -150 -180 -170 180 180 200 -210 I

-110

T
=90

-100
f1 (ppm)

QECE—

858 E~
BEEE-T

CE6'5~
L8089~
CET O~
08

SiE wv.

9eL'9
bl wv.

GL0L
G204
0F0'L

b0’ L
0614
PO L
8874
£lEs
LOEL
£4EL
0S4
G254

CF,H

0}

=

[se]
c O O
o a
O
ON
T
2=
o
o
N
=

=)
@ 2=
= T

Fooe

=867
=0e

wmo.v

ool

=0l

=00+
w00E
=00€
00k
001

f1 (ppm)

5107



mmmm
Nw.mmw
(Fa=t=)

FE9L
9l hhv
aris

ad0%,
mvo:/r
qmmi
8LELLAL
IR
GLGH—
z58IL—

59421
[y
86/}
prEzl
eeeel”
POBE L~
VVEEL
S5EEL
eLork
BIEY)
52ER L
e

06709 b~
66181

0a'FeL—

Q  CF,H
MeO

S

13C NMR (101 MHz, CDCl3)

Ph
OMe

MeO

4u

180 180 170 180 150 140 120 120 110 100 %0
f1 (ppm)

200

BEFSLE
ey~

E8Z10Iy
SbE00L-

O  CF,H
MeO

¢

F NMR (377 MHz, CDCl3)

Ph

OMe

MeO

4u

-g0  -l0 -110 -120 -130 -140 -150 ~-160 -170 -180 190 200 210 %%
f1 (ppm)

—80

5108



LPTE—

2age—

L9E" G~
9608~
LET O~
LBE'S

Nov.wV.

(A7
249
= MW
ZOE' .-
LiEd

Pips
mhv.hﬂ

898’ Li—

CF,H

o)

Ph

OMe

Cl

=66¢C

J

4v MeO
"H NMR (400 MHz, CDCIj)

=00E

._JLI.lI

woqf
=g0'l
=00}
Fioe

=10E
=002

£1 (ppm)

£9'G5
6955

E9L
w,..hhw
wﬂ.hh

G0°00L—

90°90}
17
03zh

AN
26'ELL-T
06 THLy

i)

0z'8zh

8g mw,.w
7

PGB L
6EZEL

riEL
G'BEL
0a'BEL
G16EL
CLERL

LEFFL

9Z'08 L~
L0197

98'pEL—

CF,H

o)

OMe

Cl

4v MeO
3C NMR (101 MHz, CDCly)

10

30

T
140

T
160

170

1 (ppm)

5109



BAZGM
LEFPLL-T

94800k~
PEO'OOL—~"

CF,H

o

S

9F NMR (377 MHz, CDCl,)

Ph

0 OMe
eO

M

Cl
4v

T T T T |
20 -3 -4 -8 -B0 -7 -8 -90 -lo0 -110 -120 -130 -140 -180 -180 -170 180 -190 200 -2l0 -
f1 (ppm)

-10

£258—

orcE—

6i8E—

SPEE—
6i09—
FlZe—
80E9—

£pLe—

08l h./
09z'4
98z h././(.
0ZE'L

oth%
1Ep's
am:\.

cTi94

CF,H

)

)

J

Ph

OMe

Me

4w MeO
"H NMR (400 MHz, CDCl5)

J@@w

Booe

Fooe

00

f1 (ppm)

S110



8 25 2K8538HSSISMES0LTE o cos @ o
g B2 UUITEEBRAMBRELCLLS g SR = 2
I P N N - |
O  CFH
Ph
OMe
Me
4w MeO
3C NMR (101 MHz, CDCl3)
I
H | |
| ! 1
N
B |I WL L
ZEJD léD 1 'SD 1 %D 1 (SD 1 'EU 1 :10 1 éD léU 1 'ID 1 EJD E;U E'D ?’D EurU E'D 4’0 SrD 2’D l’D EJ

O CF,H

OoM
Me ©

4w MeO
F NMR (377 MHz, CDCl3)

f1 (ppm)

100,484
A-101.303
14412
115251

T T T T T T T T T
0 10 0 -10 -z0 -30 —40 ~50 60

T T T T T T T T T T T T T T T
-70 —80 —80 -0 -110 -120 -130 -140 -150 160 170 -180 -180 200 210
f1 (ppm)

S111

T
-2



B5E'E—

EIGE
mfmmv

89r'9
vnv”mv.
808’9
¥ ﬁm.wV

G024
g ,.N.NW

[£AA
Ga7'L
Z6z'L
(A1

BA8 Lo,
zo5' L

o

OQ

Ph
OMe

MeO

5
"H NMR (400 MHz, CDCls)

ool
=00}
00}

=66}
661

=004

f1 (ppm}

565
€L'55
8465

PO'BE—

L6'80L—
9460k —

BLBLL~
068l
58'5Z)

ETIAS
90821~

L0k
Lorkel
SLLEl
LE0PL—
SThPL

Lerrl -
66 mS‘.\v

95’851
Rmme
L1084

LB'GBL—

o

O

13C NMR (101 MHz, CDCl5)

Ph
OMe

)

MeO

MeO

5

110 100 90
£1 (ppm)

120

130

150

160

190 180

200

S112



E0ZE
ZizE
Z5T°E
=T
abLE
094°E
86L°E
oige

¥
hwm.m\

PG
mmf.mv
591G

Ph

MeO

OMe

[

MeO

6
H NMR (400 MHz, CDCl5)

i

——

Eeoy

1og
160
009

=z0l

=102
0t
ooe
0z
MNS;
0ol

1 (ppm)

896~
2595
5555
EICES

PEBL
m_...Q.W.
aris

GiL6—

19401—
agbll—
GGl

PEEZ

ey
LL9E1:
FIVASe
Zo1El—
vizels
LTEE I,

al'irl
,.qS:.M‘

67451
74051~
voesls

PEFOZ—

Ph

MeO

OMe

MeO

6
13C NMR (101 MHz, CDCls)

=
i

T T T T T T T
150 140 130 120 110 100 80
£l (ppm)

T
160

T T
180 17

T
190

T
200

T
210

S113



268°C
vmh.mﬁ
pSLE—
96T
hwm.mw
86z

PEEE~
B6E'E

Ph

MeO

OMe

MeO

7
"H NMR (400 MHz, CDCl5)

E660
=660

=009
=I0E

Foo

Fooy

=660
<10}
kol

661
Foov

=00l

1 (ppm)

GEL6—

6290 }—
10804
£5Eh—

LY
PP YT
88921,
E.hm_w\]
ezl
vEOE}

JEt e
EEERL—
= I

L5451
60 mmvw
05651

HO

Ph

MeO

OMe

MeO

7
3C NMR (101 MHz, CDCl5)

T T T T T T T
170 160 150 140 130 120 110 100 a0
f1 (ppm)

T
180

T
130

T
200

S114



, n.
<=
[ =
.
186 —
.
[ i
a7 55
£35S
Fed 95°G5
1465
R _ Z08s
LEDE-, { resole
STLE~ -
HEE— 860
gL
Lo al RW..
v il
z5iE— =
e = TG 8| o
a
vz b~ -
ez =« bee
L g 00'86—
b
| o zo80l—
rT—
167221
| w v6 qﬁ/
1008 = 62921
ZIre 10 R@.
are 61421
Zrs9 () ° 5€4Z1
859 = > | £2ET)
8559 - 6026
v59 % o O _ S0kl
259 o ook a0PkL—
0659 O = f-eo
5099 R ol
1198 N 3 F10Z
£89°9 wH - FI0CE LI
zase s - =o0e 9183l
gzae > = = piol oe6s)
oy S 3
I -
980 L <
€502 ~
0042 [hd | =
i o
zig s o W
[} 0 w
M T [
=
.
[ =

90

100
£l (ppm)
S115

130 120 110

Ph
OMe
140

150

160

HoN
MeO
170

180

8
3C NMR (101 MHz, CDCl5)

190

MeO

200




6541 —

v —

rOCE—

61LE~
P6LE—
irae”

6LG—

Ac

HN

Ph

MeO

OMe

MeO

9

"H NMR (400 MHz, CDCl5)
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