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General Information:

All reactions were carried out under Ar atmosphere unless otherwise noted. All catalysts, solvents
and sulfonyl chlorides were obtained from commercial suppliers. Reactions were monitored by TLC
on silica gel plates (GF254), and the analytical thin-layer chromatography (TLC) was performed on
precoated, glass-backed silica gel plates. "H NMR, 3C NMR and '°F NMR spectra were recorded
on 400 MHz spectrometer at room temperature. Chemical shifts (8) are reported in ppm downfield
from tetramethylsilane. High resolution mass spectra were obtained on a high-resolution mass
spectrometer in the ESI or APCI mode. All substrates 1a-1p were synthesized according to the

literature. !

General procedure for the synthesis of 3

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar, 1 (0.1 mmol), sulfonyl
chlorides 2 (2 equiv, 0.2 mmol), Na,CO; (2.5 equiv, 0.25 mmol), Eosin Y (2 mol%). The flask was
evacuated and backfilled with Ar for 3 times. 1 mL CH;CN was added with syringe under Ar. The
tube was placed exposed to 12 W Blue LED light at 100°C. After the reaction was finished, the
organic solvent was removed under the reduced pressure. The residue was purified by column
chromatography (petroleum ether/ethyl acetate, 5:1) to afford the desired products 3.

Experimental Procedure for Gram-up Reaction

An oven-dried Schlenk tube (100 mL) was equipped with a magnetic stir bar, 1a (5 mmol), p-tosyl
chloride 2a (2 equiv, 10 mmol), Na,CO; (2.5 equiv, 12.5 mmol), Eosin Y (2 mol%). The flask was
evacuated and backfilled with Ar for 3 times. Then 60 mL CH3CN was added under Ar. The tube
was placed exposed to 12 W Blue LED light at 100°C. After the reaction was finished, the solvent
was concentrated in vacuo and the residue was purified by chromatography on silica gel to afford
the corresponding products 3aa in 82% yield.

Trapping experiment with TEMPO

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar, 1a (0.1 mmol), p-tosyl
chloride 2a (2 equiv, 0.2 mmol), Na,CO; (2.5 equiv, 0.25 mmol), Eosin Y (2 mol%), TEMPO (2.5
equiv, 0.25 mmol). The flask was evacuated and backfilled with Ar for 3 times. Then 1 mL CH;CN
was added under Ar. The tube was placed exposed to 12 W Blue LED light at 100°C. However,
product 3aa could not be detected, 1a was almost completely recovered and the intermediate 4 was
formed.

Trapping experiment with 1,4-dinitrobenzene

An oven-dried Schlenk tube (10 mL) was equipped with a magnetic stir bar, 1a (0.1 mmol), p-tosyl
chloride 2a (2 equiv, 0.2 mmol), Na,CO; (2.5 equiv, 0.25 mmol), Eosin Y (2 mol%), 1,4-
dinitrobenzene (2.5 equiv, 0.25 mmol). The flask was evacuated and backfilled with Ar for 3 times.
Then 1 mL CH;3;CN was added under Ar. The tube was placed exposed to 12 W Blue LED light at
100°C. However, no desired product 3aa was detected, and 1a was almost completely recovered.



The HRMS (ESI) for the intermediate 4

HRMS [4+H]": Caled: 312.1628; Found: 312.1652.
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O/\/

I-(allyloxy)-2-(1-(p-tolyl)vinyl)benzene (1b). Yellow oil; Ry = 0.46 (petroleum ether/ethyl acetate
50:1); 'H NMR (400 MHz, CDCls): & = 7.31-7.24 (m, 2H), 7.21-6.83 (m, 2H), 7.08-7.06 (m, 2H),
7.00-6.96 (m, 2H), 6.88 (d, J = 8.0 Hz, 1H), 5.71-5.62 (m, 2H), 5.28 (d, /= 1.6 Hz, 1H), 5.06-5.01
(m, 2H), 4.37-4.35 (m, 2H), 2.33 (s, 3H) ppm; 3C NMR (101 MHz, CDCl;): & 156.0, 147.0, 138.5,
136.9, 133.1, 131.7, 131.3, 128.8, 126.3, 120.8, 116.4, 114.7, 112.8, 69.0, 21.1 ppm. ESI-HRMS:
m/z Calcd for CigH3O+Na*: 273.1250, found 273.1249.

Br

O/\/

I-(allyloxy)-2-(1-(4-bromophenyl)vinyl)benzene (Ic). Yellow oil; Rr= 0.48 (petroleum ether/ethyl
acetate 50:1); '"H NMR (400 MHz, CDCl): 6 = 7.40-7.36 (m, 2H), 7.33-7.24 (m, 2H), 7.18-7.14
(m, 2H), 7.01-6.97 (m, 1H), 6.87 (d, J = 8.4 Hz, 1H), 5.70-5.60 (m, 2H), 5.34 (d, /= 1.4 Hz, 1H),
5.06-4.99 (m, 2H), 4.35-4.33 (m, 2H) ppm; *C NMR (101 MHz, CDCl;): & 155.9, 146.4, 140.4,
132.8,131.2, 131.0, 130.8, 129.2, 128.1, 121.1, 120.9, 116.6, 116.0, 112.6, 68.9 ppm. ESI-HRMS:
m/z Calcd for C;H;sBrO+H*: 315.0379, found 315.0388.

CF,

O/\/

1-(allyloxy)-2-(1-(4-(trifluoromethyl)phenyl)vinyl)benzene (1d). Yellow oil; Ry = 0.48 (petroleum
ether/ethyl acetate 50:1); 'H NMR (400 MHz, CDCl;): 8 = 7.52 (d, /= 8.4 Hz, 2H), 7.39 (d, J=8.4
Hz, 2H), 7.34-7.29 (m, 2H), 7.01 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 5.71 (s, 1H), 5.64-
5.54 (m, 1H), 5.44 (s, 1H), 5.01-4.93 (m, 2H), 4.31(d, J = 5.2 Hz, 2H) ppm; *C NMR (101 MHz,
CDCl;): 6 155.9, 146.5, 145.2, 132.6, 131.2, 130.5, 129.4, 129.1 (q, J = 40.1 Hz), 126.7, 124.9 (q,
J=4.7Hz), 124.3 (q, J = 340.3 Hz), 121.0, 117.4, 116.7, 112.6, 68.9 ppm; '°F NMR (376 MHz,
CDCl;): 0 -62.3 ppm. ESI-HRMS: m/z Calcd for CgHsF;0+H*: 305.1148, found 305.1139.

I Me
‘ O/\/

I-(allyloxy)-2-(1-(o-tolyl)vinyl)benzene (1e). Yellow oil; Rr= 0.55 (petroleum ether/ethyl acetate
50:1); 'H NMR (400 MHz, CDCls): & = 7.22-7.10 (m, 6H), 6.91-6.83 (m, 2H), 5.78-5.69 (m, 2H),

4



5.35(d, J = 2.4 Hz, 1H), 5.21-5.10 (m, 2H), 4.38-4.36 (m, 2H), 2.12 (s, 3H) ppm; '*C NMR (101
MHz, CDCly): 5 156.0, 146.9, 142.9, 135.5, 133.2, 131.4, 130.5, 130.0, 129.4, 128.5, 126.8, 125.3,
120.7, 119.0, 117.0, 112.8, 69.2, 20.4 ppm. ESI-HRMS: m/z Calcd for CisH;sO+H*: 251.1430,
found 251.1425.

2-(allyloxy)-4-bromo-1-(1-phenylvinyl)benzene (1h). Yellow oil; Ry = 0.50 (petroleum ether/ethyl
acetate 50:1); '"H NMR (400 MHz, CDCls): 8 = 7.28-7.25 (m, 5H), 7.16-7.11 (m, 2H), 7.00 (s, 1H),
5.68 (s, 1H), 5.64-5.55 (m, 1H), 5.32 (s, 1H), 5.04-4.97 (m, 2H), 4.34-4.32 (m, 2H) ppm; 3C NMR
(101 MHz, CDCl3): & 156.6, 146.4, 140.9, 132.3, 132.2, 130.5, 128.0, 127.4, 126.4, 123.9, 122.0,
116.9, 116.1, 115.9, 69.1 ppm. ESI-HRMS: m/z Calcd for C;;H;sBrO+H": 315.0379, found
315.0381.

O/\/

1-(allyloxy)-4-fluoro-2-(1-phenylvinyl)benzene (1i). Yellow oil; R, = 0.49 (petroleum ether/ethyl
acetate 50:1); 'H NMR (400 MHz, CDCl;): 8 = 7.29-7.24 (m, 5H), 7.04-6.95 (m, 2H), 6.81 (dd, J =
8.8 Hz, J=4.8 Hz, 1H), 5.69 (d, /= 1.2 Hz, 1H), 5.64-5.55 (m, 1H), 5.35 (d, /= 1.6 Hz, 1H), 5.03-
5.00 (m, 2H), 4.29 (d, J = 5.2 Hz, 2H) ppm; '3C NMR (101 MHz, CDCl;): § 158.3, 155.9, 152.2 (J
=3 Hz), 146.4, 140.8, 133.1 (/=9 Hz), 132.8, 128.1, 127.4, 126.4, 117.9 (J=3 Hz), 116.7, 116.2,
114.7 (J =28 Hz), 114.1, 69.8 ppm; '°F NMR (376 MHz, CDCl5): J -123.6 ppm. ESI-HRMS: m/z

Calcd for Cy7H;sFO+H™: 255.1180, found 255.118]1.
Ph

e
O/\/

I-(allyloxy)-4-chloro-2-(1-phenylvinyl)benzene (Ij). Yellow solid; mp: 36-37 °C; R, = 0.49
(petroleum ether/ethyl acetate 50:1); 'H NMR (400 MHz, CDCls): § = 7.29-7.24 (m, 7H), 6.80 (d,
J=28.8 Hz, 1H), 5.69 (d, J= 1.6 Hz, 1H), 5.64-5.55 (m, 1H), 5.33 (d, /= 1.2 Hz, 1H), 5.04-4.96 (m,
2H), 4.32-4.30 (m, 2H) ppm; *C NMR (101 MHz, CDCls): § 154.7, 146.2, 140.8, 133.1, 132.5,
130.9, 128.5, 128.1, 127.4, 126.4, 125.7, 116.8, 116.2, 114.0, 69.3 ppm. ESI-HRMS: m/z Calcd for

Ci7H;5CIO +H*: 271.0884, found 271.0880.
Ph

S
O/\/

1-(allyloxy)-4-bromo-2-(1-phenylvinyl)benzene (1k). Yellow solid; mp: 43-45 °C; R, = 0.50
(petroleum ether/ethyl acetate 50:1); 'H NMR (400 MHz, CDCly): 6 = 7.42-7.38 (m, 2H), 7.29-7.25
(m, 5H), 6.75 (d, J= 8.4 Hz, 1H), 5.69 (d, J = 1.2 Hz, 1H), 5.64-5.54 (m, 1H), 5.33 (d,J= 1.2 Hz,
1H), 5.07-4.96 (m, 2H), 4.32-4.30 (m, 2H) ppm; *C NMR (101 MHz, CDCl;): 8 155.2, 146.1,
140.7, 133.7, 133.6, 132.5, 131.5, 128.1, 127.4, 126.4, 116.8, 116.3, 114.4, 113.0, 69.2 ppm. ESI-
HRMS: m/z Caled for C;7H,5sBrO+H": 315.0379, found 315.0832.



2-(allyloxy)-1,5-di-tert-butyl-3-(1-phenylvinyl)benzene (1l). Yellow oil; Ry = 0.50 (petroleum
ether/ethyl acetate 50:1); 'H NMR (400 MHz, CDCl): 8 = 7.34-7.32 (m, 3H), 7.29-7.24 (m, 3H),
7.07 (d, J= 2.4 Hz, 1H), 5.75-5.66 (m, 2H), 5.46 (d, J=2.4 Hz, 1H), 5.10-4.97 (m, 2H), 4.32 (d, J
= 4.8 Hz, 2H), 1.38 (s, 9H), 1.30 (s, 9H) ppm; 3C NMR (101 MHz, CDCl3): 8 153.6, 148.3, 145.0,
142.0, 140.6, 134.3, 134.1, 128.0, 127.5, 127.0, 126.8, 123.6, 115.7, 115.0, 72.4, 35.3, 34.5, 31.2,
30.8 ppm. ESI-HRMS: m/z Calcd for CpsH;,O+Na*: 371.2345, found 371.2352.

Ph
Cl

o

Cl

2-(allyloxy)-1,5-dichloro-3-(1-phenylvinyl)benzene (Im). Yellow oil; R, = 0.50 (petroleum
ether/ethyl acetate 50:1); '"H NMR (400 MHz, CDCl3): 6 = 7.38 (d, J = 8.4 Hz, 1H), 7.32-7.27 (m,
5H), 7.16 (d, J=2.4 Hz, 1H), 5.81-5.71 (m, 1H), 5.74 (s, 1H), 5.39 (s, 1H), 5.12-5.05 (m, 1H), 4.21
(d, J= 6.0 Hz, 2H), ppm; 3C NMR (101 MHz, CDCl5): 5 151.4, 145.4, 140.4, 138.5, 133.0, 129.7,
129.4, 129.3, 129.1, 128.3, 128.0, 126.6, 118.1, 117.3, 74.1 ppm. ESI-HRMS: m/z Caled for
C17H4CL,O+H*: 390.1522, found 390.1529.

O Ph
O/\/

2-(allyloxy)-1-(1-phenylvinyl)naphthalene (In). Yellow oil; Ry= 0.47 (petroleum ether/ethyl acetate
50:1); 'H NMR (400 MHz, CDCl5): 8 = 7.90-7.88 (m, 1H), 7.84-7.79 (m, 2H), 7.40-7.30 (m, 5H),
7.26-7.21 (m, 3H), 6.15 (d, /= 1.2 Hz, 1H), 5.83-5.74 (m, 1H), 5.31 (d, /= 1.2 Hz, 1H), 5.22-5.17
(m, 1H), 5.11-5.08 (m, 1H), 6.15 (d, J = 28 Hz, 2H) ppm; 3C NMR (101 MHz, CDCl5): 8 152.8,
143.3, 140.8, 133.6, 133.4, 129.2, 128.9, 128.2, 127.8, 127.4, 126.5, 126.1, 125.9, 125.3, 123.7,
116.920, 116.866, 115.5, 70.2 ppm. ESI-HRMS: m/z Calcd for C;;H;sO+NH4": 304.1696, found
304.1699.

Ph

Oy

Me
1-((2-methylallyl)oxy)-2-(1-phenylvinyl)benzene (10). Yellow oil; R;= 0.51 (petroleum ether/ethyl
acetate 50:1); 'H NMR (400 MHz, CDCl;): 8 = 7.32-7.22 (m, 7H), 7.00 (t, J= 7.2 Hz, 1H), 6.87 (d,
J=8.8 Hz, 1H), 5.69 (s, 1H), 5.32 (s, 1H), 4.73 (d, J= 8.0 Hz, 2H), 4.24 (s, 2H), 1.44 (s, 3H) ppm;
BCNMR (101 MHz, CDCls): 8 156.1, 147.4, 141.3, 140.7, 131.4, 131.3, 128.9, 128.0, 127.2, 126 4,
120.6, 115.0, 112.048, 119.954, 71.7, 18.9 ppm. ESI-HRMS: m/z Calcd for C;gH;sO+Na*:
273.1250, found 273.1251.

.
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N-allyl-4-methyl-N-(2-(1-phenylvinyl)phenyl) benzenesulfonamide (1q). Yellow oil; Ry = 0.48
(petroleum ether/ethyl acetate 50:1); '"H NMR (400 MHz, CDCl): 6 =7.53 (d, J= 7.6 Hz, 2H), 7.33
(d,J=4.4Hz, 2H), 7.31-7.23 (m, 8H), 6.96 (d, J=7.6 Hz, 1H), 5.73 (s, 1H), 5.39 (s, 1H), 5.37-5.26
(m, 1H), 4.84-4.75 (m, 2H), 3.8-3.65 (m, 2H), 2.43 (s, 3H) ppm; *C NMR (101 MHz, CDCls): &
146.7,143.3, 142.9, 141.3, 137.6, 132.9, 132.0, 129.8, 129.3, 128.2, 128.1, 127.9, 127.6, 127.2,
118.7, 117.5, 53.9, 21.5 ppm. ESI-HRMS: m/z Calcd for CyHp;NO,S+H*: 390.1522, found
390.1529.

Ph

OC.

1-(but-3-en-1-yl)-2-(1-phenylvinyl)benzene (Ir). Yellow oil; R, = 0.46 (petroleum ether/ethyl
acetate 50:1); 'TH NMR (400 MHz, CDCl3): § = 7.31-7.24 (m, 6H), 7.23-7.21 (m, 3H), 5.77 (d, J =
1.2 Hz, 1H), 5.72-5.62 (m, 1H), 5.20 (d, J= 1.6 Hz, 1H), 4.88-4.82 (m, 2H), 2.49-2.45 (m, 2H),
2.18-2.11 (m, 2H) ppm; *C NMR (101 MHz, CDCl;): 8 149.2, 141.3, 140.9, 139.8, 138.3, 130.4,
129.2,128.3,127.6, 127.6, 126.5, 125.8, 115.2, 114.5, 35.0, 32.8 ppm. APCI-HRMS: m/z Calcd for
CigHstH™: 235.1481, found 235.1487.

0]

S-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3aa). Yellow solid; (34.2 mg, 88%); mp:
52-55 °C; Ry= 0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls):  =7.83 (d, J
=9.2 Hz, 2H), 7.31-7.19 (m, 2H), 7.15-7.08 (m, 3H), 7.02-6.91 (m, 4H), 5.90 (d, /= 5.2 Hz, 1H),
445 (dd, J=11.2 Hz,J= 6.8 Hz, 1H), 4.34 (dd, /= 11.2 Hz, J= 4.0 Hz, 1H), 3.87 (s, 3H), 3.31-
3.24(m, 3H) ppm; 3C NMR (101 MHz, CDCl3): 8 158.4, 144.9, 142.5, 140.7, 136.5, 131.6, 130.5,
130.1, 130.0, 128.9, 128.7, 128.1, 128.0, 127.3, 123.3, 121.3, 77.8, 58.0, 36.5, 21.6 ppm. ESI-
HRMS: m/z Calcd for C,4H,,05S+NH,*: 408.1628, found 408.1633.

\
O
Ph ;:f
Os
O

3-(((4-methoxyphenyl)sulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ab). Yellow solid;
(34.5 mg, 85%); mp: 57-61 °C; Ry= 0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl3): 6=7.83 (d,J=9.2 Hz, 2H), 7.31-7.19 (m, 2H), 7.15-7.08 (m, 3H), 7.02-6.91 (m, 4H), 5.90
(d,/J=5.2Hz, 1H),4.45 (dd,J=11.2 Hz, J= 6.8 Hz, 1H), 4.34 (dd, /= 11.2 Hz, J = 4.0 Hz, 1H),
3.87 (s, 3H), 3.31-3.24(m, 3H) ppm; *C NMR (101 MHz, CDCl;): 8 163.9, 158.4, 142.5, 140.7,
131.6, 130.9, 130.6, 130.2, 128.9, 128.7, 128.1, 127.3, 123.4, 121.3, 114.6, 77.9, 58.0, 55.7, 36.6
ppm. ESI-HRMS: m/z Calcd for CpsH,,04S+NH,*: 424.1577, found 424.1578.



3-(((4-(tert-butyl)phenyl)sulfonyl)methyl)-5-phenyl-2, 3-dihydrobenzo[b]oxepine  (3ac). Yellow
solid; (35.8 mg, 83%); mp: 62-65 °C; R,= 0.47 (petroleum ether/ethyl acetate 5:1); 'H NMR (400
MHz, CDCl3): 6 = 7.83 (d, J = 8.8 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 7.31-7.27 (m, 4H), 7.24-7.20
(m, 1H), 7.15-7.08 (m, 3H), 7.01-6.97 (m, 1H), 6.93-6.91 (m, 1H), 5.93 (d, J = 4.8 Hz, 1H), 4.47
(dd, /=112 Hz, J=3.2 Hz, 1H), 4.36 (dd, /= 11.2 Hz, J = 4.0 Hz, 1H), 3.44-3.26 (m, 3H), 1.34
(s, 9H) ppm; 13C NMR (101 MHz, CDCls): 8 158.4, 157.9, 142.5, 140.8, 136.4, 131.7, 130.6, 130.1,
128.9,128.7,128.1,127.9,127.3,126.4, 123.4,121.3, 78.0, 57.8, 36.5, 35.3, 31.0 ppm. ESI-HRMS:
m/z Calcd for C,7H,305S+NH,*: 450.2097, found 450.2093.
F

3-(((4-fluorophenyl)sulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ad). Yellow oil;
(32.7 mg, 83%); Ry = 0.42 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCly): § =
7.95-7.91 (m, 2H), 7.31-7.29 (m, 3H), 7.25-7.20 (m, 3H), 7.15-7.13 (m, 2H), 7.09 (d, J = 8.0 Hz,
1H), 7.00-6.91 (m, 2H), 5.93 (d, J = 4.4 Hz, 1H), 4.48 (dd, J=11.2 Hz, J = 6.4 Hz, 1H), 4.32 (dd,
J=11.2Hz,J=3.2 Hz, 1H), 3.44-3.26 (m, 3H) ppm; '3C NMR (101 MHz, CDCl;): § 167.1, 164.6,
158.5, 142.5, 141.0, 135.6 (d, J = 3.7 Hz), 131.8, 130.9, 130.8, 130.2, 129.9, 129.0, 128.7, 128.1,
127.4,123.4,121.2,116.8,116.6,77.3, 58.0, 36.6 ppm; '°F NMR (376 MHz, CDCl;): § -102.9 ppm.
ESI-HRMS: m/z Caled for Co3H9FO3S+NH,": 412.1377, found 412.1370.
Cl

3-(((4-chlorophenyl)sulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ae). Yellow solid;
(33.6 mg, 82%); mp: 105-109 °C; R,= 0.42 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl;): 6 = 7.85 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H), 7.31-7.30 (m, 3H), 7.24-7.20 (m,
1H), 7.12-7.08 (m, 3H), 7.00-6.96 (m, 1H), 6.93-6.91 (m, 1H), 5.88 (d, /= 5.2 Hz, 1H), 4.47 (dd, J
=11.2 Hz, J = 6.4 Hz, 1H), 4.32 (dd, J = 11.2 Hz, J = 4.0 Hz, 1H), 3.23-3.28 (m, 3H) ppm; 3C
NMR (101 MHz, CDCL;): ¢ 158.4, 142.4, 141.0, 140.7, 137.9, 131.8, 130.2, 129.8, 129.7, 129.5,
129.0, 128.7, 128.2, 127.4, 123.4, 121.2, 77.4, 57.9, 36.6 ppm. ESI-HRMS: m/z Calcd for
Cx3H9ClO;S+NH,*: 428.1082, found 428.1083.
Br

3-(((4-bromophenyl)sulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3af). Yellow solid;
(35.4 mg, 78%); mp: 51-52 °C; Ry= 0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDClLy): 6 =7.77 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.33-7.30 (m, 1H), 7.24-7.20 (m,
1H), 7.11-7.08 (m, 3H), 6.98 (t,J="7.6 Hz, 1H), 6.92 (d, /= 8.0 Hz, 1H), 5.87 (d, J = 4.8 Hz, 1H),
447 (dd, J=11.2 Hz, J= 6.4 Hz, 1H), 4.32 (dd, /= 11.2 Hz, J = 4.0 Hz, 1H), 3.32-3.27 (m, 3H)
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ppm; BC NMR (101 MHz, CDCl5): 8 158.4, 142.4, 141.0, 138.5, 132.7, 131.8, 130.3, 129.8, 129.6,
129.3, 129.0, 128.7, 128.2, 127.4, 123.4, 121.3, 77.4, 57.9, 36.6 ppm. ESI-HRMS: m/z Calcd for
Cy3H9BrOsS+NH,*: 472.0577, found 472.0570.

3-(((3-bromophenyl)sulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ag). Yellow solid;
(38.1 mg, 84%); mp: 60-65°C; R,= 0.39 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl;): 6 =8.06 (s, 1H), 7.85 (d, J=8.0 Hz, 1H), 7.78 (d, /= 8.0 Hz, 1H), 7.44 (t, /= 8.0 Hz, 1H),
7.32-7.30 (m, 3H), 7.24-7.20 (m, 1H), 7.16-7.09 (m, 3H), 7.00-6.92 (m, 2H), 5.93 (d, /= 5.2 Hz,
1H), 4.52-4.47 (m, 1H), 4.35-4.31 (m, 1H), 3.36-3.27 (m, 1H) ppm; 3C NMR (101 MHz, CDCl5):
5 158.5, 142.5, 141.4, 141.1, 137.0, 131.8, 130.9, 130.2, 129.7, 129.0, 128.7, 128.2, 127.4, 126.5,
123.5, 123.4, 121.2, 57.8, 36.6 ppm. ESI-HRMS: m/z Calcd for Cp3H;9BrO;S+NH,*: 472.0577,
found 472.0571.

3-(((2-bromophenyl)sulfonyl)methyl)-5-phenyl-2, 3-dihydrobenzo[b]oxepine (3ah). Yellow solid;
(34.5 mg, 76%); mp: 58-62 °C; R,= 0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl;): 6 = 8.17-8.15 (m, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.53-7.46 (m, 2H), 7.30-7.19 (m, 5H),
7.13-7.08 (m, 3H), 6.97 (t, J=7.6 Hz, 1H), 6.90 (d, /= 7.6 Hz, 1H), 5.94 (d, J= 5.6 Hz, 1H), 4.50
(dd, /=112 Hz, J=7.2 Hz, 1H), 4.36 (dd,J=11.2 Hz, J=4.0 Hz, 1H), 3.71 (dd, J= 14.4 Hz, J =
6.4 Hz, 1H), 3.58 (dd, J= 14.4 Hz, J = 6.4 Hz, 1H), 3.38-3.34 (m, 1H) ppm; '3C NMR (101 MHz,
CDCl;): 6 158.2, 142.6, 141.0, 138.7, 135.5, 134.9, 131.9, 131.8, 130.3, 129.9, 129.0, 128.7, 128.2,
128.1, 127.3, 123.3, 121.2, 120.9, 77.5, 55.4, 36.5 ppm. ESI-HRMS: m/z Calcd for
Cy3H9BrOsS+NH,*: 472.0577, found 472.0571.
NO,

Ph ;:f
O

== SN

=0
(6]

3-(((4-nitrophenyl)sulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ai). Yellow solid;
(32.4 mg, 77%); mp: 69-74 °C; R,= 0.39 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl;): 6 =8.37 (d, J = 8.8 Hz, 2H), 8.11 (d, J = 8.8 Hz, 2H), 7.32-7.28 (m, 3H), 7.24-7.20 (m,
1H), 7.12-7.08 (m, 3H), 7.00-6.96 (m, 1H), 6.91 (dd, /= 8.0 Hz, /= 2.0 Hz, 1H), 5.89 (d, J=4.8
Hz, 1H), 4.52 (dd, /= 11.2 Hz, J= 4.8 Hz, 1H), 4.30 (dd, /= 11.2 Hz, J= 3.6 Hz, 1H), 3.44-3.32
(m, 3H) ppm; BC NMR (101 MHz, CDCl5): 8 158.6, 150.8, 145.2, 142.6, 141.3,132.0, 129.7, 129.5,
129.4,129.1, 128.7, 128.2, 127.5, 124.6, 123.4, 121.2, 76.5, 58.0, 36.9 ppm. ESI-HRMS: m/z Calcd
for Cp3H1oNOsS+NH,*: 439.1322, found 439.1330.



S-phenyl-3-((phenylsulfonyl)methyl)-2,3-dihydrobenzo[b]oxepine (3aj). Yellow solid; (33.5 mg,
89%); mp: 47-49 °C; Ry= 0.39 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): §
=7.72 (d, J= 8.0 Hz, 2H), 7.52-7.46 (m, 2H), 7.37-7.30 (m, 4H), 7.26-7.22 (m, 1H), 7.18-7.14 (m,
2H), 6.97-6.95 (m, 3H), 6.74 (d, J="7.6 Hz, 2H), 5.86 (d, J= 6.0 Hz, 2H), 4.37 (s, 1H), 4.05 (s, 1H),
3.31(dd, J=14.0 Hz, J=9.6 Hz, 1H), 3.11 (dd, J = 14.0 Hz, J=4.0 Hz, 1H), 2.97 (s, 1H), 2.45 (s,
3H), 2.23 (s, 3H) ppm; *C NMR (101 MHz, CDCl;): § 158.5, 142.5, 140.8, 139.5, 133.9, 131.8,
130.4, 130.1, 129.4, 128.9, 128.7, 128.1, 128.0, 127.3, 123.4, 121.2, 77.6, 57.8, 36.5 ppm. ESI-
HRMS: m/z Caled for C,3H003S+NH4": 394.1417, found 394.1418.

o )
o

6}

3-((naphthalen-I-ylsulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ak). Yellow solid;
(30.8 mg, 72%); mp: 75-82 °C; Ry= 0.39 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCly): 6 = 7.81 (d, J= 8.4 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.27-7.18 (m, 4H), 7.11-7.09 (m,
2H), 6.73 (d, J=2.4 Hz, 1H), 4.33 (dd, J=11.2 Hz, J= 6.0 Hz, 1H), 4.25 (dd,J=11.2 Hz, J=4.0
Hz, 1H), 3.37-3.26 (m, 3H), 2.46 (s, 3H), 1.40 (s, 9H), 1.13 (s, 9H) ppm; 3C NMR (101 MHz,
CDCls): 6 158.8, 142.8, 141.2, 135.7, 134.8, 134.6, 132.1, 130.9, 130.7, 130.4, 129.7, 129.3, 129.2,
129.1,129.0, 128.4, 127.6, 124.8, 124.2, 123.6, 121.6, 78.0, 57.8, 36.9 ppm. ESI-HRMS: m/z Calcd
for Cy7H,03S+NH,*: 444.1628, found 444.1619.

3-((naphthalen-2-ylsulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3al). Yellow solid;
(31.9 mg, 75%); mp: 49-54 °C; R,= 0.38 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl3): 6=8.49 (d,J=2.0 Hz, 1H), 8.01-7.93 (m, 3H), 7.87 (dd, /= 8.8 Hz, J=2.0 Hz, 1H), 7.71-
7.67 (m, 1H), 7.65-7.61 (m, 1H), 7.23-7.16 (m, 1H), 7.10-7.07 (m, 1H), 6.99-6.96 (m, 1H), 6.90-
6.88 (m, 1H), 5.86 (d, J = 4.8 Hz, 1H), 4.50-4.45 (m, 1H), 4.37-4.34 (m, 1H), 3.39-3.32 (m, 3H)
ppm; BC NMR (101 MHz, CDCl3): 8 158.3, 142.3, 140.9, 136.2, 135.3, 132.1, 131.6, 130.5, 129.9,
129.8, 129.4, 128.9, 128.6, 128.012, 127.958, 127.8, 127.2, 123.4, 122.5, 121.3, 77.9, 57.8, 36.5
ppm. ESI-HRMS: m/z Calcd for C,7H,,0;S+Na*: 449.1182, found 442.1178.

S-phenyl-3-((thiophen-2-ylsulfonyl)methyl)-2,3-dihydrobenzo[b]oxepine (3am). Yellow solid;
(24.1 mg, 63%); mp: 46-49 °C; R,= 0.42 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCly): 6 = 7.73-7.70 (m, 2H), 7.33-7.30 (m, 3H), 7.24-7.14 (m, 4H), 7.10 (d, J = 8.0 Hz, 1H),
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7.00-6.92 (m, 2H), 5.97 (d, J = 5.2 Hz, 1H), 4.48 (dd, J= 11.2 Hz, J = 6.8 Hz, 1H), 4.34 (dd, J =
11.2 Hz, J = 4.0 Hz, 1H), 3.46-3.41 (m, 2H), 3.39-3.30 (m, 1H) ppm; 3C NMR (101 MHz, CDCl;):
§ 158.5, 142.6, 141.0, 140.5, 134.3, 134.2, 131.8, 130.4, 129.9, 129.0, 128.7, 128.1, 128.0, 127.4,
123.4, 121.3, 77.5, 59.3, 36.9 ppm. ESI-HRMS: m/z Caled for C,;H;505S,+NH,™: 400.1036, found

400.1040.
Ph\ o\\S,'V' R
~o
o)

3-((methylsulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3an). Yellow solid; (11.3 mg,
36%); mp: 64-68 °C; R;= 0.35 (petroleum ether/ethyl acetate 3:1); 'H NMR (400 MHz, CDCl;): 3
=7.38-7.34 (m, 1H), 7.29-7.23 (m, 1H), 7.15-7.13 (m, 1H), 7.03-6.96 (m, 2H), 6.10 (d, J = 5.6 Hz,
1H), 4.57 (dd, J=11.2 Hz, J = 6.4 Hz, 1H), 4.39 (dd, /= 11.2 Hz, J = 4.0 Hz, 1H), 3.46-3.39 (m,
1H), 3.33-3.23 (m, 1H), 3.00 (s, 3H) ppm; '3C NMR (101 MHz, CDCl;): 8 158.7, 142.8, 141.4,
132.0, 130.030, 129.996, 129.1, 128.8, 128.2, 127.5, 123.4, 121.2, 56.4, 42.1, 36.4 ppm. ESI-
HRMS: m/z Caled for C;sH303;S+NH,4": 332.1315, found 332.1309.

3-((cyclopropylsulfonyl)methyl)-5-phenyl-2,3-dihydrobenzo[b]oxepine (3ao0). Yellow oil; (23.8 mg,
70%); Ry=0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): § = 7.34-7.31 (m,
3H), 7.26-7.21 (m, 3H), 7.11 (d, J = 8.0 Hz, 1H), 7.01-6.94 (m, 2H), 6.11 (d, /= 5.2 Hz, 1H), 4.53
(dd, J=11.2 Hz, J=7.2 Hz, 1H), 4.38 (dd, /= 11.2 Hz, J= 4.4 Hz, 1H), 3.47-3.39 (m, 1H), 3.31-
3.22 (m, 2H), 2.45-2.38 (m, 1H), 1.08-1.03 (m, 2H) ppm; *C NMR (101 MHz, CDCls): § 158.6,
142.7,140.9, 131.8,130.4, 129.0, 128.8, 128.2, 127.4, 123.4, 121.2,77.6, 55.2, 36.1, 30.4, 4.9 ppm.
ESI-HRMS: m/z Caled for C,oH,0O3S+NH4": 358.1471, found 358.1468.

Me

\ Ts

)

5-(p-tolyl)-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ba). Yellow solid; (34.7 mg, 86%); mp:
51-55 °C; Ry= 0.39 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): 6 =7.78 (d, J
= 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.23-7.19 (m, 1H), 7.11-7.07 (m, 3H), 7.03-6.92 (m, 4H),
5.85(d,J=5.2 Hz, 1H), 4.44 (dd, J= 10.8 Hz, J = 7.2 Hz, 1H), 4.34 (dd, J= 10.8 Hz, J = 4.4 Hz,
1H), 3.29-3.24 (m, 3H), 2.45 (s, 3H), 2.35 (s, 3H) ppm; 3C NMR (101 MHz, CDCl;): & 158.3,
144.9, 140.7, 139.6, 137.1, 136.5, 131.6, 130.8, 130.0, 129.5, 128.9, 128.8, 128.6, 128.0, 123.4,
121.3, 78.1, 57.9, 36.4, 21.6, 21.1 ppm. ESI-HRMS: m/z Calcd for CpsH,403;S+NH,*: 422.1784,
found 422.1789.
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5-(4-bromophenyl)-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ca). Yellow solid; (37.0 mg,
79%); mp: 49-54 °C; R;= 0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl;): 3
=17.78 (d, J = 8.4 Hz, 2H), 7.44-7.40 (m, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.25-7.20 (m, 1H), 7.10-
7.08 (m, 1H), 7.01-6.97 (m, 1H), 6.90-6.87 (m, 3H), 5.91 (d, J=5.2 Hz, 1H), 4.43 (dd, /= 11.2 Hz,
J=72Hz, 1H), 4.33 (dd, J=11.2 Hz, J = 4.4 Hz, 1H), 3.32-3.22 (m, 3H), 2.45 (s, 3H) ppm; 3C
NMR (101 MHz, CDCl;): ¢ 158.4, 145.0, 141.4, 139.7, 136.5, 131.4, 131.2, 130.5, 130.4, 130.1,
130.0, 129.2, 128.0, 123.5, 121.1, 78.0, 57.8, 36.4, 21.6 ppm. ESI-HRMS: m/z Calcd for
Cy4H,BrOsS+NH,*: 486.0733, found 486.0737.

FsC

\ Ts

0]

3-(tosylmethyl)-5-(4-(trifluoromethyl)phenyl)-2,3-dihydrobenzo[b]oxepine (3da). Yellow solid;
(33.4 mg, 73%); mp: 51-55 °C; Ry= 0.39 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz,
CDCl;): 6 =7.78 (d, J = 8.4 Hz, 2H), 7.44-7.40 (m, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.25-7.20 (m,
1H), 7.10-7.08 (m, 1H), 7.01-6.97 (m, 1H), 6.90-6.87 (m, 3H), 5.91 (d, /= 5.2 Hz, 1H), 4.43 (dd, J
=11.2 Hz,J="7.2 Hz, 1H), 4.33 (dd, J=11.2 Hz, J = 4.4 Hz, 1H), 3.32-3.22 (m, 3H), 2.45 (s, 3H)
ppm; BC NMR (101 MHz, CDCl3): 6 158.6, 146.2, 145.1, 139.7, 136.6, 131.6, 131.5, 130.1, 129.8,
129.4,129.1, 128.1, 125.6 (q, J = 4.7 Hz), 123.6, 121.5, 77.7, 57.9, 36.7, 21.7 ppm; '°F NMR (376
MHz, CDCl;): 6 -62.4 ppm. ESI-HRMS: m/z Calcd for C,5sH;,F5;03;S+NH,*: 476.1502, found
476.1504.

5-(o-tolyl)-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ea). Yellow solid; (33.1 mg, 82%); mp:
44-48 °C; Ry=0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl): = 7.81 (d, J
= 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.23-7.12 (m, 4H), 7.06-7.02 (m, 2H), 6.86-6.82 (m, 1H),
6.66 (dd, J= 8.0 Hz, J = 1.6 Hz, 1H),5.75 (d, J = 4.8 Hz, 2H), 4.57 (dd, J= 11.6 Hz, J = 4.4 Hz,
1H), 4.22 (dd, J = 11.2 Hz, J = 3.2 Hz, 1H), 3.48-3.42 (m, 1H), 3.41-3.37 (m, 1H), 3.26-3.22 (m,
1H), 2.44 (s, 3H), 1.96 (s, 3H) ppm; 3C NMR (101 MHz, CDCls): 8 159.1, 144.9, 143.0, 139.6,
136.7, 131.4, 131.3, 130.0, 129.9, 129.7, 128.6, 127.909, 127.966, 127.3, 125.7, 123.0, 120.6, 73.4,
58.3, 38.2, 21.6, 19.5 ppm. ESI-HRMS: m/z Calcd for CpsH,4O;S+NH,*: 422.1784, found
422.1789.
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8-methyl-5-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3fa). Yellow solid; (33.5 mg,
83%); mp: 59-61 °C; Ry= 0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): §
=7.79 (d, J= 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.29-7.27 (m, 3H), 7.11-7.08 (m, 2H), 6.90 (s,
1H), 6.78 (s, 2H), 5.79 (d, J=4.8 Hz, 1H), 4.43 (dd, /= 11.2 Hz,J= 6.0 Hz, 1H), 4.30 (dd, J=11.2
Hz,J=3.6 Hz, 1H), 3.31-3.25 (m, 3H), 2.45 (s, 3H), 2.31(s, 3H) ppm; *C NMR (101 MHz, CDCl5):
5 158.4, 144.9, 142.8, 140.6, 139.3, 136.6, 131.5, 130.0, 129.5, 128.7, 128.0, 127.2, 124.1, 121.7,
77.2, 58.0, 36.8, 21.6, 20.9 ppm. ESI-HRMS: m/z Calcd for C,5sH,403S+NH,*: 422.1784, found
422.1787.

T

8-methoxy-5-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ga). Yellow solid; (34.0 mg,
81%); mp: 47-52 °C; Ry= 0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): §
=7.79 (d, J= 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.29-7.27 (m, 3H), 7.11-7.09 (m, 2H), 6.80 (d,
J=28.8 Hz, 1H), 6.64 (d, /= 2.8 Hz, 1H), 6.51 (dd, /= 8.8 Hz, J=2.8 Hz, 1H), 5.71 (d, /= 4.8 Hz,
1H), 4.48 (dd, /= 11.2 Hz, J= 6.0 Hz, 1H), 4.31 (dd, /= 11.2 Hz, J = 3.6 Hz, 1H), 3.79 (s, 3H),
3.36-3.21 (m, 3H), 2.45 (s, 3H) ppm; 3C NMR (101 MHz, CDCl;): 8 160.0, 159.9, 144.9, 143.1,
140.4, 136.6, 132.7, 130.0, 128.8, 128.5, 128.042, 127.994, 127.2, 122.3, 109.5, 106.1, 76.5, 58.0,
55.4,37.0, 21.6 ppm. ESI-HRMS: m/z Calcd for CysHp,04S+NH4*: 438.1734, found 438.1729.

8-bromo-5-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ha). Yellow solid; (36.9 mg,
79%); mp: 56-60 °C; R;= 0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl;): 3
=7.79 (d, J= 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.31-7.29 (m, 3H), 7.26 (s, 1H), 7.11-7.09 (m,
3H), 7.68 (d, J = 8.4 Hz, 1H), 5.92 (d, /= 8.8 Hz, 1H), 4.46 (dd, J=11.2 Hz, J= 6.4 Hz, 1H), 4.31
(dd, J = 11.6 Hz, J = 3.6 Hz, 1H), 3.32-3.23 (m, 3H), 2.45 (s, 3H) ppm; 3C NMR (101 MHz,
CDCly): 6 159.0, 145.0, 142.2, 140.0, 136.4, 132.8, 130.9, 130.1, 129.3, 128.7, 128.2, 128.0, 127.5,
126.5, 124.5, 121.8, 77.5, 57.7, 36.7, 21.6 ppm. ESI-HRMS: m/z Calcd for C4H,;BrO;S+NH,4*:

486.0733, found 486.0737.
Ph
F = Ts

O
7-fluoro-5-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ia). Yellow solid; (32.6 mg,
80%); mp: 52-56 °C; Ry= 0.42 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): §
=17.79 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.31-7.30 (m, 3H), 7.12-7.09 (m, 2H), 7.07-
7.03 (m, 1H), 6.93-6.88 (m, 1H), 6.62 (dd, J = 10.0 Hz, J = 3.2 Hz, 1H), 5.94 (d, J = 4.8 Hz, 1H),
442 (dd,J=11.2 Hz, J= 6.8 Hz, 1H), 4.32 (dd, /= 11.2 Hz, J = 4.0 Hz, 1H), 3.30-3.22 (m, 3H),
2.46 (s, 3H) ppm; 3C NMR (101 MHz, CDCl;): 8 159.8, 157.4, 154.3 (J = 3 Hz), 145.1, 141.7,
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140.1 (J =2 Hz), 136.5, 132.4 (J = 10 Hz), 131.1, 130.1, 128.6, 128.3, 128.1, 127.7, 122.5 (J = 11
Hz), 117.5 (J=30 Hz), 115.6 (J =29 Hz), 78.4, 57.8, 36.4, 21.7 ppm; 19F NMR (376 MHz, CDCl;):
& -119.3 ppm. ESI-HRMS: m/z Caled for Co4Hy FO;S+NH,*: 426.1534, found 426.1526.

Ph
O

7-chloro-5-phenyl-3-(tosylmethyl)-2, 3-dihydrobenzo[b]oxepine (3ja). Yellow solid; (31.4 mg,
74%); mp: 142-146 °C; R;= 0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl;):
8="17.79 (d, J= 8.4 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.32-7.31 (m, 3H), 7.18-7.16 (m, 1H), 7.11-
7.08 (m, 1H), 7.03 (d, /= 8.8 Hz, 1H), 6.90 (d, /=2.8 Hz, 1H), 5.93 (d, /= 4.8 Hz, 1H), 4.44 (dd,
J=112Hz,J=6.8 Hz, 1H), 4.32 (dd, J=11.6 Hz, J=4.0 Hz, 1H), 3.30-3.22 (m, 3H), 2.46 (s, 3H)
ppm; BC NMR (101 MHz, CDCl5): 8 156.9, 145.1, 141.6, 139.9, 136.4, 132.3, 131.3, 131.0, 128.8,
128.601, 128.579, 128.3, 128.0, 127.7, 122.7, 78.2, 57.6, 36.3, 21.6 ppm. ESI-HRMS: m/z Calcd
for Cy4H,,C10;S+NH,*: 442.1238, found 442.1246.

Ph
(6]

7-bromo-5-phenyl-3-(tosylmethyl)-2, 3-dihydrobenzo[b]oxepine (3ka). Yellow solid; (37.9 mg,
81%); mp: 162-165 °C; Ry= 0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl;):
8=17.79 (d, J= 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.33-7.30 (m, 4H), 7.11-7.09 (m, 2H), 7.04
(d,J=2.4Hz, 1H), 6.97 (d, /= 8.8 Hz, 1H), 5.93 (d,/=4.8 Hz, 1H),4.44 (dd, /J=11.2 Hz, J=3.2
Hz, 1H), 4.33 (dd, J = 11.2 Hz, J = 4.0 Hz, 1H), 3.30-3.21 (m, 3H), 2.46 (s, 3H) ppm; 3C NMR
(101 MHz, CDCl;): & 157.4, 145.1, 141.6, 139.8, 136.4, 133.9, 132.8, 131.8, 131.3, 130.1, 128.6,
128.3, 128.0, 127.7, 123.2, 116.2, 78.3, 57.6, 36.3, 31.6 ppm. ESI-HRMS: m/z Calcd for
C,4Hy BrOsS+NH,*: 486.0733, found 486.0727.

Ph
tBU - Ts

7,9-di-tert-butyl-5-phenyl-3-(tosylmethyl)-2, 3-dihydrobenzo[b]oxepine (3la). Yellow solid; (34.1
mg, 68%); mp: 65-69 °C; R,=0.40 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl5):
6=17.81(d,J=8.4Hz, 1H), 7.36 (d, /= 8.0 Hz, 1H), 7.28 (m, 4H), 7.11-7.09 (m, 2H), 6.73 (d, J =
2.4 Hz, 1H), 4.33 (dd, J=11.2 Hz, J= 6.0 Hz, 1H), 4.25 (dd, /= 11.2 Hz, J = 4.0 Hz, 1H), 3.37-
3.26 (m, 3H), 2.46 (s, 3H), 1.40 (s, 9H), 1.13 (s, 9H) ppm; '3C NMR (101 MHz, CDCl;): § 156.1,
144.9, 144.3, 144.1, 141.5, 140.5, 136.7, 130.2, 130.0, 129.5, 128.8, 128.0, 127.8, 127.5, 127.0,
123.5, 76.2, 58.2, 37.2, 352, 34.4, 31.3, 30.7, 21.6 ppm. ESI-HRMS: m/z Calcd for
C3,H330;3;S+NH,4: 520.2880, found 520.2880.

Cl = Ts
(0]

cl
7,9-dichloro-5-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (3ma). Y ellow solid; (29.8 mg,
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65%); mp: 60-64 °C; R,= 0.48 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl;): 3
=7.78 (d, J= 8.4 Hz, 2H), 7.38-7.30 (m, 6H), 7.10-7.08 (m, 2H), 6.65 (d, J = 2.4 Hz, 1H), 6.06 (d,
J=5.2 Hz, 2H), 4.50-4.40 (m, 1H), 3.32-3.24 (m, 1H), 3.22-3.11 (m, 1H), 2.47 (s, 3H) ppm; *C
NMR (101 MHz, CDCl;): 6 151.7, 145.2, 140.5, 139.8, 136.2, 135.1, 131.2, 130.1, 129.2, 129.1,
128.9, 128.4, 128.3, 128.1, 128.0, 80.4, 57.2, 35.3, 21.6 ppm. ESI-HRMS: m/z Calcd for
C,4H0C1,03S+NH,*: 476.0848, found 476.0854.

Ph
\ Ts
0

1-phenyl-3-(tosylmethyl)-3,4-dihydronaphtho[2, 1-b]oxepine (3na). Yellow solid; (29.5 mg, 67%);
mp: 86-90 °C; R,= 0.38 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCl;): § = 7.85-
7.81 (m, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.37-7.33 (m, 1H), 7.30-7.25 (m, 3H), 7.23-7.17 (m, 5H),
6.94-6.91 (m, 2H), 6.14 (d, J= 6.4 Hz, 1H), 4.54 (dd,J=9.6 Hz, J=2.4 Hz, 1H), 4.29 (dd, J=11.6
Hz, J=9.6 Hz, 1H), 3.10-3.02 (m, 1H), 3.01-2.97 (m, 1H), 2.43-3.22 (s, 3H) ppm; 3C NMR (101
MHz, CDCly): 6 154.0, 145.1, 140.7, 135.7, 132.0, 131.7, 130.6, 130.3, 130.0, 128.5, 128.4, 128.3,
127.4,127.2, 126.6, 126.5, 125.7, 124.6, 121.9, 83.4, 56.8, 33.9, 21.6 ppm. ESI-HRMS: m/z Calcd
for CpgH»40;3S+NH,*: 458.1784, found 458.1775.

Ph
Ts
Me
O

3-methyl-5-phenyl-3-(tosylmethyl)-2,3-dihydrobenzo[b]oxepine (30a). Yellow oil; (37.2 mg, 92%);
R;=0.39 (petroleum ether/ethyl acetate 5:1); 'TH NMR (400 MHz, CDCl;): 6 =7.77 (d, J= 8.0 Hz,
2H), 7.31-7.25 (m, SH), 7.17-7.10 (m, 3H), 7.05-7.02 (m, 1H), 6.89-6.82 (m, 2H), 5.74 (d, J= 1.6
Hz, 1H), 4.52 (dd, /= 12.0 Hz, J= 1.6 Hz, 1H), 3.96 (d, /= 12.0 Hz, 1H), 3.46-3.41 (m, 2H), 3.42
(q, J=44.0 Hz, J = 14.0 Hz, 2H), 2.40 (s, 3H), 1.49 (s, 3H) ppm; 3C NMR (101 MHz, CDCl,): §
160.1, 144.424, 144.402, 138.5,137.2, 137.1, 132.7,129.8, 129.3, 128.6, 128.0, 127.7, 127.6, 126.9,
122.6, 120.3, 77.4, 63.3, 44.6, 23.3, 21.6 ppm. ESI-HRMS: m/z Calcd for C,sHy4O3S+NH,™:
422.1784, found 422.1785.

Ph
N
/

Ts

S-phenyl-1-tosyl-3-(tosylmethyl)-2,3-dihydro-1 H-benzo[b]azepine (3qa). Yellow solid; (48.3 mg,
89%); mp: 92-96 °C; R,= 0.38 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): §
=7.72 (d, J= 8.0 Hz, 2H), 7.52-7.46 (m, 2H), 7.37-7.30 (m, 4H), 7.26-7.22 (m, 1H), 7.18-7.14 (m,
2H), 6.97-6.95 (m, 3H), 6.74 (d, J="7.6 Hz, 2H), 5.86 (d, J= 6.0 Hz, 2H), 4.37 (s, 1H), 4.05 (s, 1H),
3.31(dd, J=14.0 Hz, J=9.6 Hz, 1H), 3.11 (dd, J = 14.0 Hz, J=4.0 Hz, 1H), 2.97 (s, 1H), 2.45 (s,
3H), 2.23 (s, 3H) ppm; *C NMR (101 MHz, CDCl;): § 145.1, 143.1, 137.5, 135.9, 130.0, 129.3,
128.7, 128.4, 128.2, 127.8, 127.7, 127.6, 127.2, 77.2, 58.0, 33.4, 21.6, 21.3 ppm. ESI-HRMS: m/z
Caled for C31HyoNO4S,+NH4*: 561.1876, found 561.1872.
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Ph

Ts

9-phenyl-7-(tosylmethyl)-6, 7-dihydro-5H-benzo[7 ]annulene (3ra). Yellow solid; (25.2 mg, 65%);
mp: 51-52 °C; Ry= 0.41 (petroleum ether/ethyl acetate 5:1); 'H NMR (400 MHz, CDCls): § =7.70
(d,J=17.6 Hz, 2H), 7.31-7.22 (m, 8H), 7.07-7.05 (m, 2H), 6.98 (d, /= 0.8 Hz, 1H), 6.01 (d, /= 6.4
Hz, 1H), 3.32 (dd, J = 14.0 Hz, J = 6.0 Hz, 1H), 3.08 (dd, /= 14.0 Hz, J = 3.6 Hz, 1H), 2.72-2.64
(m, 1H), 2.60-2.48 (m, 1H), 2.42 (s, 3H), 2.34-2.25 (m, 1H), 2.02-1.93 (m, 1H) ppm; 13C NMR (101
MHz, CDCls): 6 144.7, 142.0, 141.2, 141.1, 139.6, 136.3, 129.9, 129.3, 129.2, 128.6, 128.4, 128.1,
128.0, 127.6, 127.4, 126.3, 61.2, 42.2, 32.6, 31.6, 21.6 ppm. ESI-HRMS: m/z Calcd for
CysH240,S+Na*: 411.1389, found 411.1395.

16



0000 —

9zez —

zsewq
58 |
19e°7 |
957 |
6927 |
£L8%
010 |
v10's |
810°s |
1£0°s
1v0°s |
9506 |
190°6 |
5226
6.2°6
819°6
1£9's | ﬁ
Zr9's |

9796
1595
199°
029°6
£29°6
2295
89’
889'
00z’
zis
0.8'9
068'9
£96'9
996'9
1869~

Me

O/\/

1b

P

F00'e

(ppm)

f1

oLz —

£+0°69

289°9L

8LeLL

0

(ppm)

1

ov8ZLL —
169 VL <
oo,/
2280z ~—
SZE9TL

159'8Z1
PN

T
120 1

0

80E'LEL —=
wieL

@

BIOEET

£1698L 7

10

0002 JF
£00°2
£90°L ]
120°27
£80°
12172
z81L
881°L
8612
£02°2 ]
8072
svzL]
1522
1922
1922
vzL
SLT'L
08z'L
98Z°L
162'L
SO0E°L
ole'L

9ts 8et

v66'9YL —

150

050951 —

T
160

170

T
180

T
190

T
200

17



000°0- — — Fa

0

Leey
SEEY

2.

6EEY

rnd

5

ey
zsey
266
1667 E
100°S L c88'80 — —
900's o

s20's §
620°c £89°92

2.

.0

e80's 0002

.5

9€0°S o BITZL
oro's

vvo's
8v0'S |

0

4.

250°s |
950°S 1

090° - _ 00'Z

¥90°S

5
(ppm)

ppm)|

1e's S
PPE'S |

1

18

r1

209°s

S19'6 | ﬁ § °
£29°S —_ —— T I
629° ¢/—‘ 0oc £€9°ZLL ~ —_
wo's | ) 2201911~
5v9'G | _ — ¥¢0’| 8Y9°9t+-

5.

110

5.5

20

2S9°S | . F e 206°021
ss9°s —_— —_  —==t120'C SL0'ZL

859°S 880'8Z1

0L9°S o Loz'ezh #

ZL9'S F e 818°0€L ~~

nvD.an

89S
4695 ] 1seiel \
0889 v08°ZEL

Br
1c

Br

CL
|

130

10

/N B —
O
0
026'9 O [<© T OrE — I
€169 10"}

8869

166'9 (/ —— H\_\O L e £LE°9VL — _—

7.

A — e o

5

7.

160

es12 R — — M1\\7@0.N 668'ssL — -
S9L°L | .

ozbL 6l

oLLL
£ve'L
65z'L -
voz'L |
82°L

8.0

170

2872
182°L |-

8.5

80

L0gL
zoe'L
S0€°L
L0€°L -
1zeL

190

9ze'L
€9€°L

oLeL L
SLeL
98€°L
16e°L

9.

200




0000 —

ey
szey /
1267
ze6y
(134
SL6'Y
v86y
886'%

0.5

0

5

2.0

(ppm)

£1

110S
vi0S
£V
Wws's AN
€556 =
195
08S'S
¥85°S
z65°S
96S'S
0195
€295
9€9'S
SLLS

2989\

188'9 =

CF3

A

7 N\

1d

<

£66°9°
zIoL \
LE0'L
YL Y]
v6zL
86Z°L
voEL
zieL
LeL
€zeL
8zeL
eveL
08eL
oL
2082
8Z5L

5

9.0

9.5

€6€'29- —

CF3

=

1d

-80 -90  -100 -110 -120 130 -140 -150 -160 ~-170 -180 -190 -200 -210 -2

-70

(ppm)

£1

-20 -30 -10 -50

-10

19



20

Lo
= 000°0- — —
S
=3
2
4
)
2
S NS . .
vz T500°€
°
3
19889 — s
289°9L
00022 W -
8LELL L
- 09EY
e y9EY
9657211 69EY
699°9LL 2 SLEY 2
BIYLIT S = LoL's — ———— F00'¢ g
99202} F=~ So0L's <
886021 | - 8zL's =
19622} zEL's
998721 ° £91's
606'vZ1 = 89L'S
Y6 Vel | — 902'S
zevzL Dies & I o = W@@ l
899°5Z1 — ° 0SE'S —_ / )
629'921 | S [ 95€'s 7 > Hr_\ ol
69£°8Z1 p— 0695~ .
9c9'8zi \F P €06 % — == 1G6'|
196'821 - — s 9LL's o
612621 — —— =2 6zL'S O «
szrezL \ = veLs
$09°624 / ZvLs
825 08T = 9vL's
0SZ'LEL %_ © A L= 092°s
zz9zEL Lo \ / €LL'S
651L'ShL ~ o o3 — saL's
reveTE — 2 ave 7 — ==rHo0¢
L2 8v8'9
- L2897 _ _ o
) 7189 -] —— 09
¥88'55L — — 0689
2 268'9
- 8069 |
116'9
2012
3 £ 8012 |
ziL
eu—i
ZyLL
L2 eyLL
LoL'L
S9L'L
18LL
L2 98L'L
3 = v6L'L
- 00z'2
902'L
L2 L
x 61z'L
£22'L
°




65€°0Z —

40

50

o

€61°69 —
289°9L\

000°2L—F
aress/

80

90

100
(ppm)

£1

z9LTLL
856'9LL
€L6'8LL
$89°0Z1

110

10£°6ZL

1po

130

£E5°5EL
se6'ZYL —
8189V —

140

150

000951 —

190

200

0000 —

1zey
szeY
6zEY
£EEY
88y
26y
96
yL0'S
1108
8L0°S
0v0's
wos
BLES
255°s
$95°S
815°S
065°S
S65°S
209°s
2095
1295
££9'S
SY9's
119G

2002
€L /
9LLL /

€ELL
9EL'L
e
€91

6vZ'L
572
09zL
99Z°L
SLzL
8LZTL
182°L

Br

——

——

|

(opm)
21

f1

— O O
0~ ~




T
50

20169

78I
0002 W
8LELL

(ppm)

1

ov6'sLL
s80'9LL
szeolL
050721 ~_
£98'€21 ~
susrozL

\

000°0- —

€8TV
96Z°%
116
186'v
6667
£00°S
900°S
610°S
£20°S
120°S
0€0°S

LEg\

Lse's
166G ~

OV ZZT
0’8zl A

95v°0EL
LzzeL
86Z°2€L

1zeorL —

1h

£L8°9VL —

829°951 —

B:O/\

70

T T
190 180

T
200

£95° -
§15's 7|
8.5°S -]
065°S |
£65°G |
5096
819'
0z9°s
££95
sve's
£69°5 |
9695
€62°9 -]
508°9
518'9
1289
256'9
096°9
£16'9 ]
186'9
669
£00°2
200°2
1oL
yL0°L
s20°L
620°L
ve0'L
180°2
0sZ'L
09z°L
897°L
08Z'L
062°L

£62°L

1i

002
H6°L
J00°L

0L

*00°1
Yooz
kAL

(ppm)

f1

22



6E€9°€ZL- —

Ph
@)

1i

-100 -110 -120 -130 -140 -150 -160 -170 180 ~-190 -200 210

-90

-60

-10

-30

-10

(ppm)

1

528'69 —

V899
200°LL W
6LELL

Y071
5LpLL
0zZ9PLL
oave'viL
20zZ'91L
0L91L X

89L°LLL
866°LLL W

(ppm|

f1

(444743

SV 2Zh "
290°821L —
£€8'2€)

866°CEL

zs8°0vL —
08€'9¥L —
60Z°2S1

zezesL 7

v68'551 —
viZ'8SL

F

23



000°0- —

vosy
808y
Ziey
9lEy
oze'y
veey
2967
996'%
067
SL6%
000
00’
600
£10°S
8105
120
1£0'
S€0'S
6£0°S
see's
aees >
1v5S~,
655 7
125°S 7
v25° -]
985°5 |
065°S -}
865°S
209'S |
719' ]
2195
629 |
199's |
269 %
969G
982°9

/

I/f/
=

Ph
O

/

Cl

——

F00'¢

86°L

14660

m\m@”o

860

[ ¥16°0

(ppm)

f1

61269 —

289°9L

bl In INY
it

000ZZ
sress/

ppm)

LI6°€LL

£

SYZOLL~
zigolL

€L9'SZL
08g'9ZL /
65Y°LZL &

2082} —7
Lis'8zL “

160EL
8z5°ZEL

UZTEET
€LLOVL —

0zZ'9vL —

£99'p5L —

808'9
sez'L
zveL
952°2
€9Z'L
192°2
Lz
oLz
582
68z

|

d
<
N

!

il

T
i

24



0000 —

10£y
S0E'Y
oLeY |
yIEY |
8LEY |
2zeY |
8567
296'7
9967
1267
6667 |
£00°S |
900
600G
y1L0°S
5205
6206
£€0°5
1807
6ze's
zers >
£PSS~
§55°S 7]
195°5 7
025° -]
285°s |
985°6
v65°S |
865G |
0195
£19°G ]
5295
1e9°s |
069°s |
£69'5
8€L'9
6529
vsz'L
09Z°L -]
992
692°2 ]
vizL
6.2,
£82°L ]
1822
oe
c8eL |
a6cL |
vov'L |
zvL]
8Ly'L

J
P
0
1K

Br

Ik

(ppm)

f1

zL1'69 —

i)

28997

00027
new”/

ppm)

£1

£20°ELL N\
YTrpLL ~

110

S9Z'9LL —
szaor

vse'9zZL
zsvLzL

Ph
(6]
1k

T
120

990°8Z1 ~
967 LEL

vov'ZEL —
sosser =L

T
130

8zLEEL
ovLopL —

0zL'9vL —

Br

T
140

50

PRL'GEL —

T
160

170

T
180

Ll

)

25



000°0-

S0E°L ~
S8E°L

6Ley
Leey %
€L6'Y
LL6'Y
666'%
€00°'S
0505
vS0°'S
€60°'S
ao0s /.
297'S
Sov'S V
859'G
0L9°S
£€89°S
169
oLL's
1475
9zL's
6EL'S
2SL'S

Loz
0L
0L

! poel

[v/

Ph

Bu

Bu

11

MeE:

—= ¥00°¢|.

|u hgog[”
A0 -
_ Jwoe[”

—_—

thEt
SYTL
ySzTL
86T'L
€LTL
18Z°L
S6Z°L
oze'L
SzEL
6€e’L
SPEL

(ppm)

f1

1S1°08 N

555 —
cov've —
s6zge 7

£89°9L
00022\
sieLL

)

80Z'GLL~
60LsLL

Ph
(6]

By

1l

(pi

f1

V9T
96.'9Z1

80221~
£VSL2L T

By

296°L2}
8LLVEL

yS5T0pL —
zzoeyL -
9L0'syL —
v9z'8YL —

LLS'ESL —

T
180

190

26



000°0- —

602~
vezy -
50’

850

1L0'S

S0

180'

S80S

viLs

8IS 7
266's —
£1LS
Lzrs
s
vsL'S
0LL's
182°
s8L'S
96L'S
118's
0912
9912
952'L
9922
€1zl
62L

Cl

1m

Cl

002

| 2670

B2 C

(ppm)

f1

yr{87)
£€89°9L N

0002 —
siess/

(ppm

1

96T Z1T
£oL'8LL

6£9°9Z1
0z0'8zZL
yve'szi
£90'6ZL

60E°6Z1
21°62ZL

069°6Z1
vioeeL 7
Zrs8el ~

6L66EL

98T°L
16Z°L
262°L
20€°L
80€°L
LneL
Lze'L
SLEL
z8€°L

B A P

oG

| 260

£ZTY'SYL —

98€°L5L —

190|

27



000°0-
96¥'y
995’V
9.0'S
080°S
v80°S
880°S
€0L'S
90L's
oLL's
yiILS
89L'S
zs
s
18L's
LS
SIS
0zz's
vzT's
80€'S
Le's
6EL'S
2sLs
S9L'S
8LL'S
z8L'S
16L'S
S6L'S
808'S
1z8's
ve8's
6719
z519
80Z°L
LzL
61ZL
L
sTTL
0ETL
9€T'L
oL

(ppm)

f1

WwzoL—
£89°9L
100°2L W
8LELL

90

VL
6vT'L
vsz'L
6522
£92°L
08Z'L
zoe2 |
605
9LE"L |
0ze'2 |
vze's |
gL
9£€°L 1
ove'L
SSE'L
09€°2
zLe'L
9LE°L
08E°2
£6€°L 7
o
£61°L
Al
8L
v18°2
818, |
1282
£v8°L
8.8°L
288,
88°2
168
668°L |

=

z06°2”

Ph

=

1n

6ES'SLL
998'9L1
0z6'9LL
TEL'ETL
LieszL
vz6'szL
Lzvozk
851'9Z1
zovL2L
162°2ZL

(ppm)

f1

5

€61L°8Z1 ¢
806821 \
wez'ezh
vrreeL \
vSSEEL

£08°0VL —
sLeErL —

vrezsL —

28



0000 —

[ —

Wy — A

LILY

"
:

(ppm)

f1

1£6°8L —

9EL’LL —

000722 —=

§0

90

(ppm)

L

807"

0ze's — =

/

989'6 —

658'9
188'9
196'9
986'9
¥00°L

8I1zL
9zT’L
x4 —

Ph

- —520°L

vSE'LLL
8v0ZLL 7

00SSIT

0z9'0ZL —
sov'ozL

100'8ZL —
sze8zL 7

me.;v\.
S6ETLEL

8LLOVL ~
Lpe L =

Ph
O

T
120

T
130

T
140

We'L %
52°L —
0922
8LZ'L
182°L
9622
6622
LeL
gL
1ze'L

€98 LYL —

150

850°951 —

00|

10

29



0000 —

6Zv'z —

8Y9E~
289t

syLY
0627~
0z8'y -7
sv8'Yy 7
v9Z's

laze
682°S 7]
862°S
90€°5 7|
£2e°s
28£°s ]
1e's ]
6ve's
99¢°
06€°s
8zLs-

=

=—

Y569~
€269
2821~
052°2
852°L
992°L

o8z
962
z1eL]
LEETL
2yeL]
§25°L
svsL

=i

J

S

v/

Ph

=

N

1q

(ppm)

f1

ze51e —

0S6'€S —

70

€89°9L
100°2L W
6LeLL

80

297211 ~
£081L
951221

110

(ppm)

f1

1857221
9687221

€eL'8zL

9LL'8ZL
£EE°62ZL \
LLL62ZL

F

596461

Ph

regzel )
198'9gL
86S°LEL
19211
c16zrL
oze'evlk
zELOPL

70

0

21

10

30



000°0-

[11%4
vz
i:13 4
zre
0eL'z
veEL'T
k144
1512
ssb'e
8sLT
8912
(Y124
1714
sYYZ
(4 44
69T
viv'T
88Y'C

Ph

1r

F50'C
x4

w@@._‘
=001

6°0
0L

1582 —

V66 V€ —

£89°9L\

LVELL /

(ppm)

f1

00SPLE~
8sLshL
S08°SZL
2ES°9ZL

Ph
1r
ppm)
31

f1

NE.\.NF f

619°2Z1

zLT'8ZL .
e

£vZ'6ZL
ovE0EL \

608'6€1
zLe'ovL —

VSTV

SIZ6YL —




000°0- —

oy —

wee
£5T°€
s9z'e
v8Z'¢
06z
zoe'e
9le'e
oze'e

LIEY
pring
Sve'v
SSE'Y

szr'y
[a4a4
W%y
o'y

818'G~
168'5 7
2069
116'9
926'9
1£6'9
096'9
8.6'9
166'9
080" ~
£60°L -]
6602 w
80L°L -]
s
6812
y6L°L
z21z'L
1221
ez
0572 ]
9172 ]
corL |
£6zL |
vees |
sseL
m:..L
S6LL

/I

—

e

Ph
—
(0]
3aa

F00°€

Hoe

G660

(ppm)

f1

26571 —

8LY'9E —

22816 —

289°9L
00022 V

BIELL
S¥8LL

70

ppm).

f1

[Yx %4
£veezL /
V08221 /
500821
020821

699'8Z1 —

vos'8zL /f
866'6Z1
SELOEL r

8IS 0ET
mmw._‘m—\
w»*.mnr\\‘
men.e«.—\
mmv.mv—\

€E6'VYL

€LE°8G1 —

32



0000 —

£vTe
6vZE
09Z°€
9ze
z8z°¢
v6z'e
Log'e
108
ziee
zge—

ey
m«ﬂv/.
SYE'Y

1 b6z

- ~00'€
| zoL

065°98 —

189'66 —
Zr0'8s —

89°9.L

00022 ~\
si1eLL ]

028771

SSEY
vev'y
Wiy
sy
a4

3ab

-= ¥Z0'L

60

_ i
0'S

- 20T

(ppm)

f1

(ppm)

1

8SS'VLL —

Bab

68Z°LZL
vseezL ”
€2€°L2) /
180°8Z1
$69'8Z1 W
Li6°8zL
€6L°0EL
155°0€L
Lv6'0EL
SY9'LEL
8oL0VL *
isvzyL

Ph

o
i

S6€'851 —

SS8'€9L —

33



0000 —

SveL—

€9z
19z
18Z°¢
S62°€
£0ge
L0¢€'€
riee
ize'e
sze'e
zee’e
6EEE
EVEY
vSe'y
ey
[£:234
[k
89v'y
8LrY
Ll ad

1265,
866§
y1L6'9
626'9
£€6'9
5969
896'9
£86'9
9869
£80°L ]
18027
€012
1012
2zh'L ]
8zL'L]
verL
1812
ovi'L]
96172
00z'2 |
sz ]
81Z'L
0zz'L
veTL
8€Z°L
09Z°L
viz'L
v8zT'L
06Z°L
S62°L
862°L
00€°2
60€°L
yS5°L
SI5°L
0z8'L

el

/1

'Bu

. 2
2

ik

(ppm)

f1

9€0°LE —
61258~
18v'9e —

£€8°LG —

989°9L M

SIEILT

056'LL

L0€°12L A

'Bu

(ppm

f1

6LE°€2L

RO

szt

p:izwx4s

z8g°221 L

6887251~
ooy =

34



0000 —

19z°¢
9z
06z'€
962

J\_A.IAA\',

108E —¢
€1e'e
9zee
seee
vve'e

S0EY
vie'y
£eey
wey

09or'y
auvy
68Y°y

vos'vy

(0]
3ad

TZ0€

(ppm)

f1

126201 —

Ph

~d.
~0

3ad

(ppm)

f1

35



Lo re
°
Lo 0000 — e s
0
=) s
R
1 °
= =] 4
0
S99'9€ — [~
- °
=
°
[[od
°
20085 — Lo
3 . °
st K
96Z°F | =
= 608 20 %]
3 Lzee b
28992 oge'e
000°22 W =
9 LL £ soey LS
ﬁm.vW hd
£EEY .
= epey —= — — ¥60°L -
& 25y —F —_— J— M/OO. Fo
qu.q& l
= osvy =
o & ety - £
N G £
119911 z -
958911 o -
22z’ 1z =1 [
69£°€Z1 | r= n\m\
88€°2Z1 -

. 088's _ L .
zvi-ezt cess R— u [ = JF66°0[°
poddg : LS 0169 o © [
166'8Z1L — = .. ™

5169
S£6'6Z1 - = 3

- 0£6'9 .
w"M.nM" A W \M\u — - SE6'9 ke

Cif 3 T T — 60
Li60gL = © - 996'9 £
8LL1EL Py 3 .

. ¥86'9 —_ o R L Lo
v8s'sel oLy o = B
Hodidd \ = s002 /f —— e
196°071 ~ e} R — - z80°2 7 —_— ']M
8€5°2YL — - 602 VAN

5 N LS _— L L9
o - 1oLz I LLe o
L2 oLz
- 0zL'L ] —_— -= .
86LL] ﬁ LLe \M
€0z .
88Y'851L — —3 L3 0z 0'¢
= —uw.& ©
S65°79L — — mww“_ [
BYIZ9T — = B ooy
- 1622 °
208°L Fo
oLe'L
2 yIEL N
— 6l5°L o
Ws'L >
158°2
3 8582 °
= =3
©
- E
S LS

36



£96°9¢ —

206°LS —

oo02s
8LeLL \

80¥°LL

000°0- —

(X4
6LZ°¢ W.
06z
S0e'e
9le'e

S0E'y
SLEY
£EEY

’»\—_4\_1“; —

A

Hoe

it
P

ppm)

252121

100

f1

Sov'Eet
901" L2}
91821
299°821 |
€20°6Z1 ||
S8Y°6Z1
ZrL6ZL

EzA P

ESLLEL \
9p6LEL
6LL0VL A
6L0°LYL —
vz

ey

vy —F
£9V'Y
SLv'y
1344

1985~
6186~
€169
££6'9
596'9
€869
2002
v80°L
0602
zo1L
oL
861L°L
20z,
ozz'L
9€TL
Wwe'L
vsT'L
86Z°L
€0€°L
9leL
LzeL
989°L
0L
6SL°L
08LL

Br

il
4

S
=
-+

(ppm)

f1

37



©
Lo \,U,
°
Le 000°0- — _ Fo
©
o rs
=]
°
LS [~
=
©
B9S°9T =
°
S
o
[ei
°
2
©
[ei
206'L5 — — o
53
°
zize [«
182°¢
e nwee—r T ——— WN—..M -
. 8ee'e L
aavaLy e &
000°22 ~\
8IELL 1
wf L2 . -
svy'LL siEy LS
m:éW N
£vEY .
° zseY — — FO0°L[,
& - —
Sy T | WO oy P
L6vy 0L
o ~ .
@ < nmk -
o = [
/ o
74 fo
£92°421 / LS o *.
e S s i N
e e 9265~ N o > N N
999°'8Z1 // L2 6€6'S i) Hlmm 0 e
ve06zL W o — = 526'9
61£6Z1 = — vv6'9 y o
1557621 o _ 896'9 < ©
TSI = — (g 1869 o ozl
29z 081 — P — ~ 900°L
£SLLEL 680°Z .
ann.«n—\ »E.TW —_ kmo muwo.
205'8€1 ~ — 2 orLL~t T
: L2 Xt — 20°L
150 1YL ~ — = z51L ] — 74
oIyl — — A e — als
voz L Jf B W/MO € [
s (22 Ll
= we'L ] —_
95Z°L D 0 LLe
o LS
o o] — Wo.o i
opgoL — ——
= 9vL
i e e
9cvL
ssv'L | 6°0f,;
° 892°L ]
= 88272 -
vwe'L ] LS
198°2 | @
° s90°g |
L&
°
L& °
s
° ©
Gl s
2

(opm)
38

f1



15826 —

(pp)

8EZ'1ZL
80V°€Z1 |
651°€21
905°9Z1

f1

£51°821

€LL8Z) 7”
LE0°6Z1
ZvL'621

6LZ°0€1L \E
9Z6°05L —-
oeaier 7

8L6'9EL ~_
LZVvL
69¢°LYL
goszvL =

9r'85L —

0000 —

9EE’E
1se°€
298¢
08€°€
1SS°€
195°¢
18S°€
209
069°€ ~°

90Le—F
szL'e \“
vLe

ey

£SE'Y /.
oLEy =
08e'y
Ll ad
98v'y
Ll ad
ISy

6€6°S ~_
£56'5
168°9

o_‘m.wy
6v6'9
296°9
986'9
¥80°L
€0L°L A\

I

i

Br

Ph

~d.
~0

3ah

A

(ppm)

f1

SIEZA
yZLL—
veLL
16LL
[
0£z'L -]
£57°L
882°2
S62°L]
0£°/ 3

e NS

95t
69v°L
vivL ]
1892
s6v'L ]
moni
9z5L

.\E.L
v8LL

0518
wm—i
6918 |
vLL'8

39



00598 —

10

1Zr'ss —

289°9L
00022

8LELL
1281 \

80

Sv6°0ZL
weizL
8zeeTL
9ce221

110

(ppm)

£1

601°8Z1 4
518z

osL'8zL L
VS6'8Z1L — -

3ah

1p0

130

VIBEZT
treoet /.
662151 [
vgieLdr
J
Em.;v%
£eg°sEL
zcL8¢L
620444

140

0

00070~ —

sze'e
veE'e
6EEE
ave'e
6SE°E
oLe€

28E°€ F
€0¥'E
6LY'E

Wr'e

8.Tv
18T
920€'Y

Sie'y

26v'7 ~
60S'V
szs'Y

8ES'Y

£88'S
sos
v06'9
606'9 y
v26'9 4
6269
9569
0969
v169

NO,

———==l166C

— 701

3ai

o'l

(ppm)

f1

orozyl

025°851 —

1

T
160

T
17

T
180

11697
£66°9 7
166'9 -]
SLO°L|
810°2
560° ]
860°L
Loz
91z

ot ||
86172 ]
cor g
neL
£zz'L
1821
WL
6522
8121
£82°L
682°L
867°L
S0E'L
SLEL
soi's
Lz1'8
z9e'8
v8e'e

40



0000 —

898'98 —

6€0°85 —

289°9L k.
000°2L
8LELL \

NO,

(ppn|

f1

sz
meQ.an%

205221 /,M
8LL'82L
699'8Z1
Zri'6zL ~=

6cv'6zh
vIS6ZL \

s

O«
Sy o

3ai

186°LEL

LOE 1YL ~
895ZYL —
89L°SYL

vE8°061 —

z19'85L —

v9z'e
08z'¢
88z
ooee
Lee
€zee
8zee
vee'e
we'e
vsee

oze'y
ogey
8veEy
15€'Y

157y —F
vivy
liad
20S'v

SZ6'S
866's
0169
5169
0£6'9
S€6'9
0969
6169
8669
£80°L 7
20127
zzLL
8Z1L°L

TEVT
w1
261
26172 ﬁ
11z'L
s1z'L]
0czL ]
sezL ]
ssz'2]
L
1821
v6z'L
v0g'L
vieL
SveL
9L
£85°L
Sv9'L
992
2892
0L6L
yI6L

£€6°L

(ppm)

f1

41



125°9¢ —

LIS —

289°9L

8LeLL
€95°LL \

000°0- —

8ve'e
€9€°E
8Le'€
€6€°€
80¥'E
zzre
vrv'e
65v'E
6LV'E

.

./

vz LeL
0S£'EZL

(ppnp

f1

Leez)

156221
£01°8Z1
¥2L'82) w
1£6°8Z1

0LY'6Z1 W
96001 &
YLEOEL 7

SELLEL

088eet

18Y'6EL ~
TYeovE —
ovszvL

S0S°€ \
ves'e

88y

8YeEY

S9E'Y

9.8y

MY~
vev'y

6y

(4324

108'S
0z8°s |
S68°9 1
5189 1
1£6'9
5569
526'9 1
1669
900°Z
SL0°L
1202
290°L
280°L
6.1
861°L
L1TL A
5272

£92L

19v'851 —

69z
19872~
185°L
909°2 7
219
5€9°2
59°2
969°L |
9LL'L
seL L
126°L ﬂ

S

166°L
sz1'8
svi'g ]
S0€°8
vze's
S128
988

//!H/ // / I

o[

#0°L
foo'1L

F00'L

(ppm)

f1

42



1v6'98 —

v08°LS —

000722

81ELL
9€9°LL
620°8L \

z95'12ZL

629°€Z1 |

SHEVTE
08'vZL
L8v22)L

(ppm

f1

v09°221

1Le°821
¥86°8Z1
z£1°621
6£2°6Z1
862°6Z1
699°6Z1 W
THE'OEL

T69°0EL W
6£6°0E1

£50°ZEL ~&
L9SVEL
$08'YEL =T

000°0- —

A}

N
>0

3al

(ppm)

f1

ovLSEL
LV~
zzeTvE —

eLL96) —

r//// /1/ f /| f

Ph

43



016°9¢ —

Y9L'LS —

289°9/

0000 —

662
viee
8z¢e'e
EVE'E
8SEE

00022
8LELL
SE6'LL 7

(ppm)

f1

BT TTIY
so0s'zzL

zLE82)

irar s

vi8'Lzh
856°221
210821
595821 &
56821 £
ez \w
LLL62L
9z66z1 Jff
EBEE_

TIET
S8E'E M
07 ~%
ozv'e
9zv'e
e
Lor'e

9ze'y
9gEy
€SEY
Yoty

1Svv—F
Siv'y
s8r'y
z05°v

£96'G

Ll
6L

720}
fo0'L

(ppm)

f1

0€9°LEL
2z

6eE'SEL

222951 -
958°07 1
rogzyL -

80€'851 —

9.6'S
8169
£26'9
8€6'9
6’9
¥96'9
£€86'9
2002
68072\
60L°L ¢

IR/

€512
sou'L
o1
s81°2 ]
164°L]
z0z°L
s1z'L]
0zzL ]
sezL ]
6cz2 ]
sz
862°L
£0E°L
LeL
SLEL
9zE'L
869'L
002
yLLL
L

44



Z16'98 —

0ZE'6S —

€200 —

100°€ |

289°9L
0002 W
81ELL

V0SZZ

(ppm))

£

8STTTh
188721
0887221

6v6°821

BELBZL |
evL8zL ||
926821

£58'6ZL

88€°0£L ~&
L e —
£9Z'VEL

9er'e
e
2sr'e
8sv'E

eLEY
v8e'y
2oy
iy

1SS’y
1957
6.5V

S6S'Y

VECT
isz'e
69z
S8Z°€
66Z°€
8lEe
vee's
S6€'€
sov'e
e
Lzv'e
nuq.n&

1609~

=

ﬂl\ i

T

¥Z0°€
oz
Bo

(ppm)

f1

zievEL
6SY'OVL N\
Lo'LpL —

eoczpl

891'8G1L —

190

0

10

558
116'9
286'9
1669
66'9
8002
z10L
LI
iy
o
o512
£ezL |
8c7L
05z}
vsz'L |
852°L
£92°2 ]
1922
0zL]
w\.m.L
v8Z'L
6eeL
svEL
1se°L
£5€°L
958,
Log°L
8982
zLeL
08eL
s8eL

45



00¥'9€ —

€EVZY —

€18°96 —

00022
avess

(ppm)

Me

fil

SIZTTIZI

sovcer
BewrizL

wzezL
9veezL
0L0°6ZL —¢
966'6Z1 \
0g0'0EL \
zzo'zeEL

69€° LY ~
18LZyL

™
O//
3an

Ph

699'851 —

1

190

201

210

0000 —

8Z0°L
Se0k
£V0°L
6v0°L
€901
690°L
0L
v80°L
SSZT'L
s9Z'L
oz
9T’
z8ZL
S6Z°1

S8€°Z
68T
90v'z
LWwZ—¢
6zr'z
80T
2 x4

9Lz’e
TETE /
052°€ -\

~
©
&
©
IS

3ao

(ppm)

46

f1




Lye'y —

o
=]

V9E°0%

8L1°9€ —

€62'6S —

289°9L
000°2L
8LELL

TIST

(pp:

f1

vz’ IZL
sseezL

1887221
002821
z6L'82L W
556'821 77

LLEOEL
PreLEL \

156°0PL ~

veLrzve —

165851 —

0000 —

€S€°T —
sz —

SE€T'€
vsZ'e /
89Z°€ —
08z'€
88Z°¢€

oze'y
[$34
ey
8SE'Y

(1244
gy
o'y
5ty

vres
1585
S26'9
1£6'9
Sv6'9
056'9
296'9
286'9
€00°L
9z0°L

>
£L0°L
180°L
£60°L
1L
98L'L
16LL
80ZL

vze'L
6zZL
vszTL
8€€°L
8S€°L
€LLL
€6L°L

T

Me

Ts

3ba

€6°0

(ppm)

f1

47



SLLIZ
2291z

11898 —

698726 —

0000 —

sv'e
L12°€ 9

z89'92
00022\
sLeLL W
spi'8L

prym)

f1

66Z°LZL
vSEEZL

[0}

8v0'8ZL 4
195°821
yLL82L
198821

ovs'6zL T
600°0€ 1 %

vEQ'LEL J
91S'9EL
6L0°L€L
€SS°6EL
859°0v1 \\‘
£E6PYL

18€°851 —

seze L
e
152°¢
86Z°¢
69Z°¢
182°¢
L6z'c
00g'e
So0e'e
ole'e

60EY
0ze'y
1580
svE'y
Ly - F
8zy'y
sEV'Y
9%y

6065~
226's <
2189 |
2289
268'9
168'9
£26'9 |
1269
186'9
266'9
966'9 7/
€002 -]
800°L
S10°2 ]
620° |
280" ﬁ
6602 ]
z012
voz'L |
602°L |
222
822'L
£vT'L
we'L
652°L
6c€L
09€°L
Lov'L
80V'L
£WpL
£2v'L
6zv'L
9L
zLL
£6L°L

—_—

Ll

um. H?o.m
N 0L
M H/No.r
0'¢

6'l

<

0

7.

5

7.

8.0

(ppm)

£1

48



zz9'iz —

LEy'9g —

YLLLS —

¥89°'9L
100°LL W
6LeLL
000°8L \

Ts

3ca

(prjm)

£1

£2v'1zL
605°€21
L00°8Z1 Bl

SZT6CE
0Z0°0€1
ZYL0EL
2SE0EL

IPSOEL ~
vz el
90V LEL N.

Z61-98t

V0L 6EL —

TLEHYE

S00°SYL ~

09g°8GL —

0000 —

€SV —

[3:142
8.Z°¢
Lee
zzee

Zee
Lye'e
z6¢e'¢
L9e°€
LEY
8ZEY
SYe'y
SSEV
SEV'Y
[4ia4d
z9r'y
08y'y

B Y

696'S ~\_
286's <
£€8'9
€589
1169
9669
SL0°L
160°L
AT A
0zz'L
szT'L
6€Z°L
oL
09Z°L
99Z°L
SveL
99¢°L
6YS'L
0/,
z8LL
€082

e R

—_—

Ts

3da

7001

e
=k
= L€
oz

- ;iﬂ

(4 %4

7.

(ppm)

1

49



£EV'Z9 —

FiC

Ts

3da

(ppm)

f1

999°LZ —

22198 —

28826 —

2

o
e

€EL°9L
0S0°LL

89€°LL \

2LLL

9lsLzZL
£09°€ZL

Ts

(ppm)

f1

VOISZE
wiszL
8LL'SZL
9lz'szh
SS0°8Z1
SLL6ZL
L8621
98L'6Z1
€oL0gL
€8yLEL
£ro'LeL

\_/
O
3da

FiC

025981 —
SLI6EL—

VLLSYL ~
LTovL

£55'851 —

50



0000 —

\-L;

—

—_ w FeLe
EE— J BZLe
- — L

= E——

60

0L

8oL

Me

F00'L

O
3ea

[/
N

¥66°0
2L
tooz
J 1534
r AN
3MoZ

(ppm)

f1

28761 —
S19°LZ —

z1z'88 —

81£'85 —

8ZVEL
289°9L
100°LL W
8LELL

(ppm)

I

2v9'0zk |

126221
[425°14% )f
LeLze B "
998221

606°LZ1

B

19'8ZL ~&
999°6Z1
916'6Z1
1zo'0gL
08ZLEL
ozvLEL
£V0'9EL

WLogL
SE9'6EL
59621

S98'vYL

150°661L —

3ea

51



000°0- —

ez —
wrz—

6vz'E
29z°¢
69Z°€
vize

L6z°¢
662°€
80€°E

2Z0'€
00'¢

Fsoe

S26°0Z ~
ez

16725

289'9L

0002

S6L°LL \

8LeLL

T
(244
oEr'y
vy
157y

S8T'Y
v6Tv
ELEY

z6L°5~
v08's

0829
5069
S80°L
160°L
0oLz
60L°L
vSZ'L A

Ph

Ts

Me’

3fa

o
- L

Foo'L

£1 (ppm)

£1 (gpm)

>7 _/TS

202121

veLszL
LIS'6Z1 N

200°0€L <~
secyer L

60LVZL /
LzzL /
Lz0°82L W

Ph

=

o
3fa

S
=

S8G'9E1 ~

DOET6ET ~_

PAEN A

Los'ryL

Me'

2=

8LT°L

8T
9g€’L \
96e'L
8LLL~

861 L~

€1r'85L —

52



0000 —

LS
cers
1059
8059
£25°9
ogs9
1599
vro'9
189~
6089~

680°L
¥60°L
€0LL
€hVL

8SZTL
Szl

Ts

Ph

¢Le
yor.m
wl'e

H\oo._‘

(ppm)

f1

vi9Lz —

SL0°LE —

29€°55 —
666°LS —

o
5

o
S

8YS'9L
£89°92
100722

6LELL

(ppm)

1

01°901 —
€LV'60L —

z6z°22L
vLVLZL //

V66 220
zro'8zL

ﬁm.mm—%

18Z°L
68Z°L
€62°L
8€€°L
65EL
S8LL
S08°L

THEEVE
omw.z;\

989'651

910°091L

53



0000 —

£5v'z—

zeTe
wee
9sz'e
19Z°¢
v8Z€
16z°¢
z0¢e'e
siee
oze'e

z6ezT'y
Loe'y
ozey
6zeY

(el
vy
'y
88Y'y

9E'S
826'6

89L°9~
689~
880°L

ooL'L
oLL N
601
9sZT'L
09z'L
1622
66Z°L
082
9veL
99¢°L
08LL
0082

Ph

Ts

Br

3ha

Hle

E— T s A

—~—| 860
%01

(ppm)

f1

9Z9'V T —

659°9¢ —

969°LS —

$89°9L
200°LL

6LELL
8ESLL \

(ppm)

f1

B

O

©

<

9igizL
vZsveL /
16v°9Z1L /
£85°221 A
£86°/2)

™

N

1£2°821
819'821 7

Lze6z) 7

Br

950051
vog'0st
scazet
evvogt

596'6€1
901zyL |
svosyL/

R

00651 —

190

T
200

10

54



000°0- —

SS¥'T—

L1ze
€€TE
ovze
€5T°¢
85Z°€
oze
[4: 744
682
zoe'e

YoEY
SLEY
€EEY
ey

86Ey f
(a4
9zr'y
[

Ph

Ts

3ia

- *20’¢

== ko¢e

(ppm)

f1

00E64 - —

Ts

Ph
3

(ppm)

f1

55



290 —

9L£'9¢€ —

194728 —

EVL9L

190°2L
Pron \

16€°8L

0000 —

9sr'z —
Lnee
zzze
zeTE
zvee
zsTe
S9Z°€

~00°¢

r

Ts

(ppnp

f1

vovrsLL
S69°SLL
00211
6v9°LLL >
svv'zzh
L£GZZL >

3ia

LT~
680'82L 7

EA%R: 149
1£9'821 7]
€LL0EL
vzvver
osezEL “ ﬁ
szvzeL
18v°9eL
1zLovk “
ovL-ov |
60LLyL

oze
Lee
€82
682
00¢’e

S0EY
9ley
vee'y
evEy ~=

vy —F
6EV'Y
(44
99v'y

826'5
ov6's
268'9
668'9
1102
6£0°L
802
0602
5602

o

M ¥20'L
= "o0'L

(ppm)

f1

aﬁ.mq—\
opepgL I

€9EVSI
00v°L51L

96L°6S1

90

0

10

0%
80LL X
951
/L
e
v8LL
8SZT°L
€0€°L
oL
6LeL
6veL
69€L
oLLL
6L

|

56



929'1z —

9ZEIT —

SY9 IS —

289°9L
666°9L
L1ELL
20z8L 7

(ppm)

f1

6LL2ZL —
889°221

ceoszy
22£'821 -]
615821 7

109°82}
s6L8zL

¥90°0EL

YZ0'LEL

18z e
96221
yOv°9€L

Cl

S686ET
Y9Iyl |
8L0°SYL -
$98'951 7

T
180

190

T
200

10

0000 —

<
S
&
~
)

=

Ph

Ts

Br

3ka

AR

fsoe

160

10y
(454
0'¢

(ppm)

f1

57



z€9'1 —

282°98 —

189726 —

£89°9L
100°LL

BITZL

ppm)

110

f1

LzoL —
991°€Z1
oL zzL /
120°82L
9ge'8zL
$95°8Z1 —
020°0€L 7=

zogLEL \
6SLILEL
80gZEL
8v6'EEL
€6€°9€1
oeg6EL \

809°LYL

Ph

Br-

o
3ka

120

140

TIEIST —

190

T
200

10

0000 —

eV —

oL —

8zL'9
veL9 >

980°L
260°L
oL
oL

ovz'L
weL
8SZTL
vozT'L
L
9zL
,seL
zeL
€08
vze'L

I

Ts

0]

Bu

3la

L

.06
- — —— *00'6

LA

] *00°¢

il
S 9
—

- F06°0

T1386°0
{ £1°T
‘IMJK&

-— r20'C

(ppm)

f1

58



2z29'v —

9VL0E ~\_
1718 —

695V —
1zz'se W
15718

1z'8s —

2229,
€89°9L W
100°2L
8LeLL \

0000 —

0Lv'z
601°¢ |
6z1°¢ 1
ovL'e |
8yL°e |
091°€
891°¢ 1
EARE

6L1° |

s81°€

S61°€
802°€
0zz°¢
SY2°E |
rAT Al

(ppm)

Ts

f1

£6V'EZH

THOIZT
£VS L2V
8ve Lzl
zio'8zL
S28'8Z1
615621
Sv0'0EL W
TLLVOEL
LEL°9EL
LyopL N

=

Ph

ZIVIVEAL
0071

Bu

VOEVYL —
988'vvL 7

8vL'95L —

1526~
voze
182°¢
S62°¢
Liee
6LEE
Bluad
sy
11 a4
wr'y
1svy
Ehiad

6LYY

L6vy

S05°y

8509~
12097
zve'9
8v8'9
0802
6802
260°L
260°L
yoL'L
0922
002
808,
gL
vee'L
vee'L
Sve'L
1€
voE'L
y8e'L
zLL
£6LL

Ts

Ph
Cl
3ma

Cl

== ooz

¥16°0

(opm)
59

f1




oLz —

8GZ'GE —

o
B

000°0-

v89°92

Z00°Z;
6LELL
8EV°08

ppm)

>>MV/TS

1

Ph
f
¢

3ma

680°8Z1
v0€'8Z1

£5e°9;

!

oEv'8zL
£68'8Z1
zviezL
8LZ'6ZL \
ozLogL

8SZ'LEL
LeLsel I

CI\I

10

V2T

9T8'6EL |

SETSYL
SL9'LSL —

150|

T
160

LEL9
w9
z16'9
616'9
1269
zc6'9
1869
912
IO
v61°L ]
6612
202
siz
8zz'L
6vzL
992°L
982°2
oL
oze'L |
oceL
882
ZveL
[
858°L
£98°L
0L8L
5892
S0L°L
'L
veeL
1£8'L
oveL

I

/]

Ph

Ts

3na

(ppm)

f1

60



8.8V —

V98'€€ —

0000 —

0195 —

6V L —

>

o€

289°9L
0002 W
8LELL
oevr'ee —

(ppm)

258121
y09'vZL

¢

+89°621

VLY'9ZL
€55°9Z1
zvzzeL |
86€LZ1
85Z°8Z1

10Y'8Z1

661821
186°621 7

SYEOEL y
865°0€L

TVLIEY
120281 %
mNh.mm—\\
9zLovL ;\
voLOVL
—mo.mﬁ—\\
zL0vsL —

07T

1806
1375
€289
8z8'9
89
8v8'9
€989
1989
€889
2889

Ts

Me

3o0a

€60

(ppm)

f1

L

$20'L~\
820°L —
v0°2]
8v0°L
00L°2 -]
soL'2-]
ziL
8LLL
vZLL ]
0812 ]
oviL]
sy L]
o512
0942
9912
1szL
Ssz'L
Siz'L
887'L
S62°L
00€°2
20€°L
gLEL
9522
oLLL

61



295712 —
61E°€Z

0LS'vY —

S9TEI

S$89°9L
200°LL
6LE)

€200 —

8227 —
vz —
[21:x4

qwn.n/
Qmoﬁ/

0zL'e

YOvLL

(ppm)

f1

BEZUZL

6€9°2Z1 |
Q69971

Elpan
869°221 ||
TLE'LZL

oc9'8Tt
162°62L ~
ngezt -
169°ZEL
SSO/EL

3oa

SSL'LEL

L8t
cor'vrL
vevvrL >

vI009F —

6zl

68Z2°€ —=
vie'e
vzee

8ve'e
8Y0y —

LEYy—

GS8°S
085"
mNh.wJ
6229
8v2'9
1v6'9
1969
svLLA
€91°L
€81°L
1222
6ET°L

—

~
i
R
N

\

¥82'L
7082
vZe'L
sveL
152
S9€°L
0Le°2
z9v°L
c8vL ]
0052
v05°L ]
6152 ]
2521
siez
seLLd

(ppm)

f1

62



SLELT
69512~

20v'€ —

€86'26 —

A AL

£€89°9L

0002

20z°LL \

8LeLL

(ppm)

f1

9zz'L2ZL o

€15°22L
8zLLZL
szl
sL18zL
18€°8Z1
LeLszL —=
562621
086'6Z1 \

Ph

0Z6'SEL —
Lvier —

VLO'EYL —
viLSYL —

1009~
2009~
1869
£66'9
8Y0°L
950°L
¥90°L
2102

ozz'L
wTL W
5TL—7
68Z°L \
60€°L

969/

w\\
S'Cid NR D

™ //[ /

Ph
3ra

ISE-N-R-R=|L oo
- N M- -

£86°0

(ppm)

f1

e

63



SZ9°VT —

985°LE ~
yi9'ze

ogzzy —

£VZ'L9 —

STL9L
£V0°LL AN

Ts

(ppm)

f1

682°9Z1 |

3ra

0TV LTE
129221

Ph

1L6°L2)

]

TETBZL
95€°8Z1
S¥9°8Z1
0€Z°6Z1 \
80£°6Z1

S.8'6Z1 7
LLEOEL N

€ZLVIVL
mw—.:.—V

96TV
SEL'VVL 7

10

64



X-ray Crystal Structure of 3ka, CCDC 2074239.
Thermal ellipsoids are drawn at 30% probability level.

Identification code

3ka

Empirical formula

C24H21Br03S

Formula weight

469.38

Temperature 293(2)

Wavelength 0.71073 A

Crystal system, space group triclinic, P -1

Unit cell dimensions a=9.2058(16)A alpha = 107.378(2) deg.
b=10.3794 A beta = 109.996(2) deg

c=12.708(2) A

gamma = 97.756(2) deg.

Volume 1050.2(3) A3
z 2
Absorption coefficient 2.079

F(000) 480

Theta range for data collection

2.441 to 27.081 deg.

Limiting indices

-11<=h<=11, -13<=k<=13, -16<=I<=16

Absorption correction multi-scan
Data / parameters 4749 /263
Goodness-of-fit on F2 1.033

Final R indices [I>2sigma(l)]

R1=0.0380, wR2 = 0.0921

R indices (all data)

R1=0.0579, wR2 = 0.0995

Largest diff. peak and hole

0.375and -0.433 e. A3
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