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1. Experimental section

1) General information

All chemicals, unless otherwise noted, were purchased from commercial sources
and were used without further purification. Unless stated otherwise, all reactions were
carried out under argon atmosphere. The substrates alkenes (a) and N-phenyl-sulfenyl
phthalimides (b) were synthesized according to the literature methods with slight
modification.!'> Irradiation with visible light was performed using blue LEDs (A =450
+ 10 nm) illumination instruments (The instruments were designed by ourselves and
the actual output power density of the LEDs at 0.5 cm distance is 33.70 mW/cm?
detected by CEL-NP2000-10 (Beijing Ceau Light Co. Ltd., China) light power meter).
For irradiation, the material of the reaction vessel is common glass; the distance from
the light source is about 0.5 cm.

The nuclear magnetic resonance spectra were recorded on the Bruker Ascend™
400 MHz NMR spectrometer with tetramethylsilane (TMS) as an internal standard.
High resolution mass spectra were recorded using a Q Exactive mass spectrometer
(Thermo Fisher Scientific, USA). Cyclic voltammogram experiments were measured

on the CHI-Instrument CHI660E.



2) Preparation of alkenes!2!

o PPhzMeBr (1.2 equiv.)

)J\ BUOK (1.2 equiv.)
R R,

THF, 0°C to rt. T RTR

A solution of methyl triphenylphosphonium bromide (4.28 g, 12.0 mmol) in
anhydrous THF (15.0 mL) was cooled to 0 <C, followed by addition of ‘BuOK (1.35 g,
12.0 mmol). The reaction mixture was stirred at 0 <C for 1 h, and then the ketones (10.0
mmol, 1.0 equiv.) was added. The resulting mixture was warmed gradually to r.t. and
kept stirring for 12 h. The resultant reaction solution was filtered over Celite, and the
filtrate was concentrated under reduced pressure to yield a residue which was further

purified over silica gel flash column chromatography to afford the product.
JCJ)\ DCC, DMAP 0 /@A
+ —_—
R” “OH H dry DCM, 0 °C to rt RJ\X

To a solution of carboxylic acid (1.0 equiv., 5.0 mmol), 4-dimethylaminopyridine
(DMAP) (20%, 1.0 mmol, 122 mg) and a’ (1.1 equiv., 5.5 mmol) in dry DCM (15 mL),
followed by adding N,N’-dicyclohexylcarbodiimide (DCC) (1.1 equiv., 5.5 mmol, 1.14
g). The reaction mixture was stirred at room temperature for 12h. Upon completion, the
resulting mixture was filtered through a pad of Celite. The filtrate was concentrated
under reduced pressure. The resulting residue was purified by silica gel column

chromatography to afford the desired products.



3) Preparation of N-phenyl-sulfenyl phthalimides®“

Method A:

(0]
s /@ 1) CH3CN, Pyridine Q
~s + NH > N—&
2) Bry (1.2 equiv), 0 °C
(0]

(0]

A suspension of phthalimide (1.047 g, 10.0 mmol) and diphenyl disulfide (1.30 g,
6.0 mmol) in CH3CN (5.0 mL) and pyridine (4.0 mL) were treated with a solution of
Br; (615 pL in 5.0 mL CH3CN, 12.0 mmol, 1.2 equiv) dropwise over 30 mins. Upon
complete addition of Brz solution, the mixture was stirred for 1 h at 0 °C, and was
subsequently quenched by dropwise addition of CH30H (15.0 mL). Filtration of the
suspension and washing of the precipitate with pre-cooled CH3OH (0 °C, 3 x 10.0 mL).

Further purification was achieved by recrystallization from a hexane/CH2Cl> mixture.

Method B:

0
~-SH 1) CH5CN, Pyridine, 80 °C —
R * NH > N—S
= 2) Bry (1.2 equiv), 0 °C
0 o)

A suspension of phthalimide (1.047 g, 10.0 mmol) and thiophenols (11.0 mmol,

\

1.1 equiv) in CH3CN (5.0 mL) and pyridine (4.0 mL) was heated to 80 °C and then
cooled to room temperature. The mixture was treated with a solution of Brz (615 pL in
5.0 mL CH3CN, 12.0 mmol, 1.2 equiv) dropwise over 30 mins. Upon complete addition
of Br solution, the mixture was stirred for 1 h at 0 °C and was subsequently quenched
by dropwise addition of H>O (15.0 mL). Filtration of the suspension and washing of the
precipitate with pre-cooled CH30H (0 °C, 3 % 10.0 mL). Further purification was

achieved by recrystallization from a hexane/CH>Cl, mixture.



4) Preparation of vinyl estronel®

OH oTf  # BFK X
GO szo DIPEA e PdCl,, PPhs GO
.a DCM, 0 °C .ﬁ Cs,C0;, reflux a

ES-0 ES-1 ES-2

Estrone (10.0 mmol, 1.0 equiv., 2.70 g), and DIPEA (12.0 mmol, 1.2 equiv.) were
dissolved in DCM (30.0 mL) in a two-neck flask with a stir bar under argon atmosphere.
The reaction mixture was stirred at 0 °C, and T£,0 (12.0 mmol, 1.2 equiv., 2.0 mL) was
dropwise added into reaction system over 5 min. The reaction mixture was then allowed
to warm to room temperature and stirred for 30 min. Upon completion, water (50.0 mL)
was added to quench the reaction. The reaction mixture was then extracted with DCM
(30.0 mL x 3). The combined organic extracts were dried with anhydrous MgSO4 and
concentrated under vacuum. The crude product was purified by flash column
chromatography on silica gel to afford the corresponding product ES-1 as white solid
in 81% yield.

An oven dried 2-neck round bottom flask was charged with triflate (2.01 g, 5 mmol,
1 equiv.), potassium vinyltrifluoroborate (675 mg, 5 mmol, 1 equiv.), PdClI> (17.7 mg,
0.1 mmol, 0.02 equiv.), PPhs (78.7 mg, 0.3 mmol, 0.06 equiv.), Cs2CO3 (4.89 g, 15
mmol, 3 equiv.), THF (9 mL), H20 (1 mL) and stirred under reflux until completion.
Reaction mixture was then diluted with 50 mL H20 and extracted 3 times with 25 mL
DCM. Combined organic phases were dried over magnesium sulfate, filtered through
short pad of Celite and concentrated under reduced pressure. Purification by column
chromatography (Hexane : EtOAc = 5:1) afforded corresponding product ES-2 as white
solid in 63% yield.



5) General procedure for the photochemical reactions

e}
R
- 2 . ' S@ o fac-Ir(ppy)s (3 mol%) N s
£ TN R, T R R
R _ S 7R3 Acetone T 3
a b

Blue LEDs, rf, 24h

a (1.0 equiv., 0.2 mmol), b (1.1 equiv., 0.22 mmol), fac-Ir(ppy)3 (4.0 mg, 3.0 mol%)
were dissolved in 4.0 mL co-solvent (acetone: H O = 20:1 (v/v)) in a 10.0 mL flask
equipped with magnetic stirring bar, then the reaction tube was irradiated by blue LEDs
(A=450= 10 nm) at room temperature for 24 h. After reaction, the solvent was removed
by rotary evaporation and purified by column-chromatography on silica gel using

hexane/ ethyl acetate as the eluent to afford the desired product c.

(0]
R — fac-Ir(ppy)s (3 mol%) s
_ . XN AN
R X + N S@ + NuH Ry- \GRs
P 3 dry CH4CN = /
(0]
a b

Blue LEDs, rt, 24h

a (1.0 equiv., 0.2 mmol), b (1.1 equiv., 0.22 mmol), NuH (ROH: 8.0-15.0 equiv.;
RoNH: 2.0 equiv.), fac-Ir(ppy)s (4.0 mg, 3.0 mol%) were dissolved in 4.0 mL dry
CH3CN in a 10.0 mL flask equipped with magnetic stirring bar, then the reaction tube
was irradiated by blue LEDs (A = 450 + 10 nm) at room temperature for 24 h. After
reaction, the solvent was removed by rotary evaporation and purified by column-
chromatography on silica gel using hexane/ ethyl acetate as the eluent to afford the

desired product c.

450 nm photoreactor



6) Luminescence Quenching Experiments

General procedure: The luminescence quenching experiments were measured with
excitation at 449 nm. A co-solvent (acetone: H.O = 20:1 (v/v)) solution of 1x10* M
fac-Ir(ppy)s and 3.0x10"" M b1 respectively were prepared. The experiments were
conducted in 1.25 cm x 1.25 cm x 4.5 cm quartz cuvette at room temperature.
Appropriate volume (the whole solution volume change < 5%) of the quencher b1 was
respectively injected to the co-solvent (acetone: H,O =20:1 (v/v)) solution (3.0 mL) of

1x10* M fac-Ir(ppy)s in the quartz cuvette by microsyringe.

——PC  1.0x10°M
PC+b, 20x10°M
PC+b, 40x10°M
PC+b, 60x10°M
PC+b, 80x10°M

1.0x10*

7.5x10°%

5.0x10°

Intensity

2.5x10°

0.0 . [
400 500 600 700
Wavelength/nm

Figure S1. Luminescence quenching spectra of fac-1r(ppy)s (1.0 x 10 M) by various
concentration of b1



7) Radical inhibition experiment

o on 0
s PION
Standard Conditons N S
+ N—-S + HO =~ O
(o]

TEMPO (2.0 equiv.)

detected by HRMS
HRMS (ES™*) Calcd [ M+H]* : 266.1573
Found : 266.1568

T: FTMS + p EI Full ms [50.0000-750.0000)
109.10113
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8) Isotope labelling experiment

18,
0 OH s
fac-Ir(ppy)s ( 3 mol%)
Dry CH3CN Ph
0,
Ph ol 450 nm LEDs, 1, 24h 75%

detected by HRMS
HRMS (ES*) Calcd [ M+Na]* : 345.1170
Found : 345.1180

Rb-22#1 RT- 000 AV-1 NL: 1T79E5
T- FTMS + p ESI Full ms [200 00-100000]

100 34510797
%0

345.11801
80 .

Relative Abundance

40 345.04654
30
344.99054
20 345.06286
0 344.95599
D e e e A B e e e e s s e et e B e
344.90 344.95 345.00 345.05 34510 345.15 345.20 345.25 345.30



9) References

[1] X.-T. Li and X.-Y. Liu, Angew. Chem. Int. Ed. 2018, 57, 7668.

[2] X. Lu, S.-J. He and Y. Fu, Chem. Sci. 2019, 10, 809.

[3] S. E. Denmark, D. J. P. Kornfilt and H. Wang, Nat. Chem. 2014, 6, 1056.
[4] J. Klose, C. B. Reese and Q. Song, Tetrahedron 1997, 53, 14411.

[5] C.-Y. Huang and A. G. Doyle, J. Am. Chem. Soc. 2012, 134, 9541.



2. Characterization data of the products

saacl

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c1 as a colorless oil (44.9 mg, 92% yield). 'H NMR (400 MHz, CDCls) § 7.49
(dd, J = 5.2, 3.4 Hz, 2H), 7.37 (dd, J = 11.3, 4.4 Hz, 4H), 7.32 — 7.23 (m, 3H), 7.20
(ddd, J = 7.3, 3.6, 1.2 Hz, 1H), 3.57 (d, J = 13.3 Hz, 1H), 3.39 (d, J = 13.3 Hz, 1H),
2.91 (s, 1H), 1.65 (s, 3H): 13C NMR (101 MHz, CDCls) 5 146.2, 136.5, 130.0, 130.0,
128.3, 127.1, 126.4, 124.8, 74.0, 49.6, 29.4.

HRMS (ESI) m/z calcd. for C1sH160OSNa [M+Na]* : 267.0814, found: 267.0814.

OH
OMe

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c2

afforded ¢2 as a colorless oil (39.4 mg, 72% yield). "H NMR (400 MHz, CDCls) § 7.35
—7.30 (m, 2H), 7.26 — 7.19 (m, 3H), 7.18 — 7.12 (m, 1H), 7.05 — 6.96 (m, 2H), 6.77
(ddd, J=8.2,2.6, 0.8 Hz, 1H), 3.79 (s, 3H), 3.53 (d, J= 13.3 Hz, 1H), 3.32 (d, J=13.3
Hz, 1H), 2.93 (s, 1H), 1.60 (s, 3H); 13C NMR (101 MHz, CDCl3) 5 159.6, 148.0, 136.5,
130.0, 129.3, 128.9, 126.4, 117.2, 112.3, 111.0, 74.0, 55.2, 49.5, 29.4.

HRMS (ESI) m/z calcd. for C16H1802SNa [M+Na]* : 297.0920, found: 297.0920.

0

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c3

afforded ¢3 as a pale yellow oil (41.7 mg, 75% yield). '"H NMR (400 MHz, CDCls) &
7.47 (t,J=1.8 Hz, 1H), 7.37 — 7.33 (m, 2H), 7.32 (dt, /= 7.3, 1.8 Hz, 1H), 7.29 — 7.24
(m, 2H), 7.24 — 7.17 (m, 3H), 3.52 (d, J = 13.5 Hz, 1H), 3.34 (d, J = 13.5 Hz, 1H), 2.99
(d, J=20.7 Hz, 1H), 1.61 (s, 3H); 13C NMR (101 MHz, CDCl;) & 148.4, 136.0, 134.3,



130.3, 129.5, 129.0, 127.2, 126.7, 125.4, 123.1, 73.8, 49.5, 29.4.
HRMS (ESI) m/z calcd. for C1sH15sCIOSNa [M+Na]* : 301.0424, found: 301.0423.
OH

©

Br c4

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)
afforded c4 as a colorless oil (52.2 mg, 81% yield). '"H NMR (400 MHz, CDCls) & 7.62
(t, J=1.8 Hz, 1H), 7.41 —7.31 (m, 4H), 7.29 — 7.23 (m, 2H), 7.22 — 7.15 (m, 2H), 3.56
—3.47 (m, 1H), 3.34 (d, J = 13.5 Hz, 1H), 3.00 (s, 1H), 1.61 (s, 3H); 3C NMR (101
MHz, CDCls) 6 148.6, 135.9, 130.3, 130.2, 129.8, 129.0, 128.3, 126.7, 123.6, 122.6,
73.7,49.4,29.4.

HRMS (ESI) m/z calcd. for C15H1sBrOSNa [M+Na]" : 344.9919, found: 344.9916.

OH
OXSO
MeO

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c5

afforded ¢5 as a pale yellow oil (42.3 mg, 77% yield). *H NMR (400 MHz, CDCls)
7.44 —7.33 (m, 4H), 7.26 (t, J = 7.4 Hz, 2H), 7.20 (d, J = 7.3 Hz, 1H), 6.92 — 6.85 (m,
2H), 3.82 (s, 3H), 3.55 (d, J = 13.2 Hz, 1H), 3.35 (d, J = 13.2 Hz, 1H), 2.90 (s, 1H),
1.63 (s, 3H); '3C NMR (101 MHz, CDCl3) § 158.6, 138.4, 136.6, 129.9, 130.0, 126.4,
126.1, 113.6, 73.7, 55.3, 49.6, 29.4.

HRMS (ESI) m/z calcd. for C16H1802SNa [M+Na]* : 297.0920, found: 297.0917.

Jeaac)

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢6 as a yellow oil (42.3 mg, 82% yield). "TH NMR (400 MHz, CDCls) & 7.42
—7.34 (m, 4H), 7.30 — 7.23 (m, 2H), 7.23 — 7.15 (m, 3H), 3.58 (d, J = 13.2 Hz, 1H),
3.37(d,J=13.2 Hz, 1H), 2.91 (s, 1H), 2.37 (s, 3H), 1.65 (s, 3H); 13C NMR (101 MHz,
CDCI3) 6 143.3, 136.8, 136.7, 129.9, 129.0, 130.0, 126.3, 124.8, 73.9, 49.6, 29.4, 21.0.



HRMS (ESI) m/z calcd. for C16H1sOSNa [M+Na]* : 281.0971, found: 281.0971.

e

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢7 as a white solid (58.2 mg, 91% yield). "H NMR (400 MHz, CDCl3) § 7.56
(dt,J=3.1,2.0 Hz, 2H), 7.54 — 7.46 (m, 4H), 7.45 — 7.38 (m, 2H), 7.36 — 7.29 (m, 3H),
7.23 —7.17 (m, 2H), 7.16 — 7.11 (m, 1H), 3.56 (d, J = 13.4 Hz, 1H), 3.36 (d, J = 13.4
Hz, 1H), 2.96 (s, 1H), 1.64 (s, 3H); 13C NMR (101 MHz, CDCl3) 5 145.3, 140.8, 140.0,
136.4,130.2, 129.0, 128.8, 127.3, 127.1, 127.0, 126.5, 125.4, 74.0, 49.6, 29 4.

HRMS (ESI) m/z calcd. for C2:H200SNa [M+Na]* : 343.1127, found: 343.1123

0

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c8

afforded ¢8 as a colorless oil (41.7 mg, 75% yield). '"H NMR (400 MHz, CDCl3) § 7.38
—7.33 (m, 2H), 7.32 — 7.28 (m, 2H), 7.28 — 7.14 (m, 5H), 3.49 (d, J = 13.4 Hz, 1H),
3.31 (d, J = 13.4 Hz, 1H), 2.93 (s, 1H), 1.58 (s, 3H); 3C NMR (101 MHz, CDCl3) &
144.7, 136.1, 132.9, 130.2, 129.0, 128.3, 126.6, 126.4, 73.8, 49.6, 29.4.

HRMS (ESI) m/z calcd. for C1sH15sCIOSNa [M+Na]* : 301.0424, found: 301.0420.
OH

O
Br c9

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢9 as a colorless oil (48.9 mg, 76% yield). 'TH NMR (400 MHz, CDCls3) § 7.46
—7.41 (m, 2H), 7.36 — 7.29 (m, 4H), 7.29 — 7.18 (m, 3H), 3.51 (d, J = 13.4 Hz, 1H),
3.34 (d, J=13.4 Hz, 1H), 2.99 (s, 1H), 1.61 (s, 3H); 3C NMR (101 MHz, CDCls) &
145.2,136.0, 131.3, 130.3, 129.0, 126.8, 126.6, 121.1, 73.8, 49.5, 29.4.

HRMS (ESI) m/z calcd. for C1sH1sBrOSNa [M+Na]™ : 344.9919, found: 344.9914.



OH

O
' c10

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c10 as a pale yellow oil (50.3 mg, 68% yield). 'H NMR (400 MHz, CDCls) &
7.63 — 7.57 (m, 2H), 7.31 — 7.26 (m, 2H), 7.24 — 7.13 (m, 5H), 3.48 (d, J = 13.4 Hz,
1H), 3.29 (d, J = 13.4 Hz, 1H), 2.95 (s, 1H), 1.56 (s, 3H); 3C NMR (101 MHz, CDCls)
0 145.9,137.3, 136.0, 130.3, 129.0, 127.1, 126.6, 92.8, 73.8, 49.4, 29 4.

HRMS (ESI) m/z calcd. for C1sH1510SNa [M+Na]" : 392.9780, found: 392.9781.

OH
Mej@>§/s\©
Me cll

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢11 as a colorless oil (46.2 mg, 85% yield). "TH NMR (400 MHz, CDCls3) &
7.40 —7.35 (m, 2H), 7.30 — 7.23 (m, 3H), 7.23 — 7.17 (m, 2H), 7.13 (d, J = 7.8 Hz, 1H),
3.58 (d, J=13.2 Hz, 1H), 3.37 (d, J = 13.2 Hz, 1H), 2.89 (s, 1H), 2.28 (d, J = 4.8 Hz,
6H), 1.64 (s, 3H); 3C NMR (101 MHz, CDCl3) 6 143.7, 136.7, 136.4, 135.4, 129.9,
129.6, 128.9, 126.3, 126.1, 122.2, 73.8, 49.6, 29.5, 20.0, 19.4.

HRMS (ESI) m/z calcd. for C17H200SNa [M+Na]* : 295.1127, found: 295.1122.

Y0

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢12 as a brown oil (49.5 mg, 86% yield). "H NMR (400 MHz, CDCl3) & 7.39
—7.33 (m, 2H), 7.25 (ddd, J = 6.1, 5.5, 2.1 Hz, 2H), 7.22 — 7.16 (m, 1H), 6.96 (d, J =
1.8 Hz, 1H), 6.92 (dd, J= 8.1, 1.9 Hz, 1H), 6.77 (dd, J = 7.7, 4.0 Hz, 1H), 5.95 (dd, J
=3.1, 1.4 Hz, 2H), 3.52 (d, J = 13.3 Hz, 1H), 3.32 (d, J = 13.3 Hz, 1H), 2.94 (s, 1H),
1.60 (s, 3H); *C NMR (101 MHz, CDCls) 8 147.6, 146.5, 140.4, 136.4, 130.0, 128.9,
126.4, 118.1, 107.9, 106.0, 101.0, 73.9, 49.7, 29.5.

HRMS (ESI) m/z calcd. for C16H1603SNa [M+Na]" : 311.0812, found: 377.0709.



seaach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢13 as a colorless oil (38.8 mg, 66% yield). '"H NMR (400 MHz, CDCl3) &
7.93 (s, 1H), 7.85—7.73 (m, 3H), 7.52 — 7.41 (m, 3H), 7.34 — 7.28 (m, 2H), 7.20 — 7.07
(m, 3H), 3.63 (d, J=13.3 Hz, 1H), 3.41 (d, J= 13.3 Hz, 1H), 3.05 (s, 1H), 1.68 (s, 3H);
I3C NMR (101 MHz, CDCl3) 6 143.6, 136.4, 133.2, 132.5, 130.1, 129.0, 128.3, 128.1,
127.5, 126.5, 126.2, 126.0, 123.6, 123.3, 74.2, 49.5, 29.4.

HRMS (ESI) m/z calcd. for C19H1sOSNa [M+Na]* : 317.0971, found: 317.0963.

OH
X S

|
N cl4

Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)

afforded c14 as a yellow oil (27.0 mg, 55% yield). '"H NMR (400 MHz, CDCl3) § 8.68
(d, J=2.3 Hz, 1H), 8.44 (dd, J=4.8, 1.6 Hz, 1H), 7.84 — 7.72 (m, 1H), 7.37 — 7.27 (m,
2H), 7.25 — 7.13 (m, 4H), 3.71 (dt, J = 25.7, 12.9 Hz, 1H), 3.49 (d, J = 13.4 Hz, 1H),
3.37 (d, J = 13.4 Hz, 1H), 1.65 (s, 3H); 3C NMR (101 MHz, CDCl3) & 148.1, 146.8,
141.7,135.9, 132.9, 130.2, 129.0, 126.7, 123.0, 72.9, 49.33, 29.2.

HRMS (ESI) m/z calcd. for C14H1sNOS [M+H]" : 246.0947, found: 246.0947

OH
Br@k/s\@
cls

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c15 as a colorless oil (55.1 mg, 82% yield). '"H NMR (400 MHz, CDCl3) &
7.57 (s, 1H), 7.39 — 7.28 (m, 4H), 7.25 (dd, J=13.1, 6.1 Hz, 2H), 7.21 — 7.14 (m, 2H),
3.55(d,J=13.4 Hz, 1H), 3.35 (d, /= 13.4 Hz, 1H), 2.96 (s, 1H), 1.89 (qq, J = 14.5,
7.4 Hz, 2H), 0.79 (t, J = 7.4 Hz, 3H); 1*C NMR (101 MHz, CDCls) § 146.9, 136.0,
130.4, 130.0, 129.7, 129.0, 128.9, 126.7, 124.2, 122.6, 76.2, 48.7, 34.7, 8.0.

HRMS (ESI) m/z calcd. for C16H17BrOSNa [M+Na]* :359.0076, found: 359.0076.



OH

e
clé

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c16 as a colorless oil (37.4 mg, 60% yield). *H NMR (400 MHz, CDCls) &
7.40 (dd, J = 5.3, 3.4 Hz, 2H), 7.37 — 7.30 (m, 4H), 7.26 (ddd, J = 14.6, 5.2, 3.8 Hz,
3H), 7.18 (ddd, J = 7.4, 3.6, 1.2 Hz, 1H), 3.81 (d, J = 12.9 Hz, 1H), 3.46 (d, J = 12.9
Hz, 1H), 2.93 (s, 1H), 1.91 (d, J = 12.7 Hz, 1H), 1.80 — 1.66 (m, 3H), 1.57 (dd, J = 13.1,
10.6 Hz, 2H), 1.26 — 0.96 (m, 5H); 3C NMR (101 MHz, CDCl3) § 144.1, 136.8, 130.1,
128.9, 127.8, 126.9, 126.4, 126.2, 78.0, 48.2, 46.4, 27.6, 27.1, 26.6, 26.5, 26.3.
HRMS (ESI) m/z calcd. for Co0H240SNa [M+Na]* : 335.1440, found: 335.1437

O
cl7

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢17 as a yellow oil (31.2 mg, 50% yield). "H NMR (400 MHz, CDCl3) § 7.57
(dd, J=5.3, 3.5 Hz, 2H), 7.45 — 7.36 (m, 4H), 7.35 — 7.30 (m, 3H), 7.29 — 7.22 (m, 2H),
7.00 — 6.94 (m, 2H), 3.98 (d, J = 13.5 Hz, 1H), 3.91 — 3.84 (m, 2H); *C NMR (101
MHz, CDCl3) 6 150.5, 144.4, 136.2, 130.5, 129.1, 128.4, 127.8, 126.9, 126.7, 125.7,
125.5,124.7, 76.6, 50.4.

HRMS (ESI) m/z calcd. for C1gH160S2Na [M+Na]* : 335.0535, found: 335.0534.

Qe
SAne

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢18 as a white solid (53.2 mg, 87% yield). 'TH NMR (400 MHz, CDCl3) 4 7.58
—7.49 (m, 4H), 7.48 — 7.42 (m, 2H), 7.42 — 7.35 (m, 4H), 7.32 (ddd, /= 8.7, 5.5, 1.4
Hz, 4H), 7.28 — 7.22 (m, 1H), 3.95 (s, 2H), 3.67 (s, 1H); 3C NMR (101 MHz, CDCl)
0 145.2,136.6, 130.3, 129.1, 128.4, 127.4, 126.7, 126.2, 77.8, 49.1.



HRMS (ESI) m/z calcd. for Co0H1sOSNa [M+Na]* : 329.0971, found: 329.0967.

‘Qii>(DH
Me O S\© c19

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢19 as a colorless oil (59.5 mg, 93% yield). 'TH NMR (400 MHz, CDCls3) &
7.50 (qd, J = 3.2, 1.9 Hz, 2H), 7.46 — 7.33 (m, 6H), 7.32 — 7.26 (m, 3H), 7.26 — 7.20
(m, 1H), 7.18 (d, J=7.9 Hz, 2H), 3.94 (d, J = 13.3 Hz, 1H), 3.88 (d, /= 13.3 Hz, 1H),
3.58 (s, 1H), 2.37 (s, 3H). 13C NMR (101 MHz, CDCls) § 145.4, 142.3, 137.1, 136.7,
130.2, 129.0, 129.0, 128.3, 127.3, 126.6, 126.2, 77.6, 49.1, 21.1.

HRMS (ESI) m/z calcd. for C21H200SNa [M+Na]* : 343.1127, found: 343.1128.

7

OO @m

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c20 as a white solid (68.8 mg, 90% yield). *H NMR (400 MHz, CDCls) § 7.69
—7.58 (m, 8H), 7.55—7.46 (m, 4H), 7.46 — 7.39 (m, 3H), 7.39 — 7.30 (m, 3H), 7.27 (dd,
J=8.4, 6.1 Hz, 1H), 4.04 —3.95 (m, 2H), 3.75 (s, 1H); 3C NMR (101 MHz, CDCl3) &
145.2, 144.3, 140.7, 140.2, 136.6, 130.4, 129.1, 128.9, 128.5, 127.5, 127.4,127.2, 127 .1,
126.8, 126.3, 77.7, 49.1.

HRMS (ESI) m/z calcd. for C26H22OSNa [M+Na]* : 405.1284, found: 405.1279
F

N
0
MeO 21

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢21 as a colorless oil (60.9 mg, 86% yield). '"H NMR (400 MHz, CDCl3) &
7.47 —7.35 (m, 6H), 7.32 — 7.26 (m, 2H), 7.26 — 7.20 (m, 1H), 7.05 — 6.98 (m, 2H),



6.91 - 6.85 (m, 2H), 3.92 — 3.86 (m, 1H), 3.84 — 3.78 (m, 4H), 3.63 (d, J=4.3 Hz, 1H);
13C NMR (101 MHz, CDCls) § 161.9 (d, J = 247.0 Hz), 158.9, 141.3 (d, J = 3.2 Hz),
137.2, 136.4, 130.4, 129.1, 128.0 (d, J = 8.1 Hz), 127.5, 126.8, 115.0 (d, J = 21.4 Hz),
113.7,77.2, 5.3, 49.3; F NMR (376 MHz, CDCL) & -115.40.

HRMS (ESI) m/z calcd. for C21H1eFO2SNa [M+Na]* : 377.0982, found: 377.0982.
Br

o
OO

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c22

afforded ¢22 as a pale-yellow oil (61.2 mg, 66% yield). 'TH NMR (400 MHz, CDCl3) &
7.46 — 7.42 (m, 4H), 7.38 — 7.34 (m, 2H), 7.32 — 7.23 (m, 7H), 3.80 (s, 2H), 3.66 (s,
1H). 13C NMR (101 MHz, CDCl3) & 143.7, 135.7, 131.5, 130.7, 129.2, 127.9, 127.1,
121.7,77.2, 48.8.

HRMS (ESI) m/z calcd. for CooH16Br,OSNa [M+Na]* : 486.9160, found: 486.9166.

)
saach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c23 as a pale-yellow oil (54.4 mg, 82% yield). 'H NMR (400 MHz, CDCls) &
8.00 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 2.8 Hz, 2H), 7.26 — 7.12 (m, 7H), 7.08 (d, J = 7.4
Hz, 2H), 3.93 (s, 2H), 3.57 (s, 1H), 3.39 (ddd, J = 14.0, 8.7, 4.9 Hz, 2H), 3.04 — 2.92
(m, 2H); *C NMR (101 MHz, CDCl3) 8 142.3,138.5, 135.7, 130.5, 130.5, 128.8, 127.9,
126.8, 126.5, 126.4, 77.2,50.5, 34.3.

HRMS (ESI) m/z calcd. for C22H200SNa [M+Na]* : 355.1127, found: 355.1124.

OH

e
c24

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c24 as a colorless oil (43.2 mg, 80% yield). *H NMR (400 MHz, CDCls) &



7.66 —7.58 (m, 1H), 7.45 (dt, J = 8.5, 1.8 Hz, 2H), 7.38 — 7.28 (m, 2H), 7.27 — 7.19 (m,
3H), 7.15 — 7.08 (m, 1H), 3.51 (d, J = 13.4 Hz, 1H), 3.41 (dd, J = 13.4, 0.9 Hz, 1H),
2.89 —2.74 (m, 2H), 2.70 (s, 1H), 2.29 (ddd, J = 10.5, 7.1, 2.9 Hz, 1H), 1.95 — 1.82 (m,
2H), 1.80 — 1.66 (m, 1H). 13C NMR (101 MHz, CDCls) & 140.6, 137.0, 136.9, 129.8,
129.0, 128.9, 127.6, 126.4, 126.4, 126.3, 74.0, 53.0, 35.1, 29.2, 19.6.

HRMS (ESI) m/z calcd. for C17H180SNa [M+Na]* : 293.0971, found: 293.0967.

OH
0
c25

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢25 as a colorless oil (36.8 mg, 80% yield). '"H NMR (400 MHz, CDCl3) &
7.50 — 7.42 (m, 2H), 7.42 — 7.31 (m, 7H), 7.30 — 7.24 (m, 1H), 4.75 (dd, J=9.4, 1.3
Hz, 1H), 3.35 (dd, J = 13.8, 3.6 Hz, 1H), 3.13 (dd, J = 13.8, 9.4 Hz, 1H), 2.98 (d, J =
1.8 Hz, 1H); *C NMR (101 MHz, CDCls3) 6 142.2, 135.0, 130.2, 129.2, 128.,6 128.0,
126.8, 125.9, 71.7, 44.0.

HRMS (ESI) m/z calcd. for C14H140SNa [M+Na]* : 253.0658, found: 253.0657.

OH

seaohl

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢26 as a colorless oil (42.9 mg, 88% yield). '"H NMR (500 MHz, CDCl;3) &
7.58 (dd, J= 7.6, 0.8 Hz, 1H), 7.53 — 7.48 (m, 2H), 7.40 — 7.33 (m, 2H), 7.29 (tdd, J =
9.8,5.2, 42 Hz, 2H), 7.23 (td, J = 7.4, 1.4 Hz, 1H), 7.15 (d, J = 7.4 Hz, 1H), 4.96 (dd,
J=9.7,2.5Hz, 1H), 3.31 (dd, J = 13.9, 3.1 Hz, 1H), 3.06 (dd, /= 13.9, 9.7 Hz, 1H),
2.98 (s, 1H), 2.21 (s, 3H); ¥C NMR (126 MHz, CDCl3) § 140.2, 134.9, 134.5, 130.7,
130.5, 129.2,127.7, 127.0, 126.5, 125.4, 68.2,43.2, 18.9.

HRMS (ESI) m/z calcd. for C15H160S [M]" : 244.0922, found: 244.0914.
OH

©

Cl c27




Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)
afforded c27 as a colorless oil (26.9 mg, 51% yield). *H NMR (400 MHz, CDCls) &
7.45 (dd, J = 8.3, 1.1 Hz, 2H), 7.39 — 7.31 (m, 3H), 7.31 — 7.25 (m, 3H), 7.24 (dd, J =
2.6, 1.2 Hz, 1H), 4.69 (dt, J = 9.5, 2.8 Hz, 1H), 3.32 (dd, J = 13.9, 3.4 Hz, 1H), 3.05
(dd, J = 13.9, 9.5 Hz, 1H), 2.99 (s, 1H); 13C NMR (101 MHz, CDCl3) & 144.1, 136.9,
134.5, 130.5, 129.8, 129.2, 128.1, 127.1, 126.1, 124.0, 71.0, 44.2.

HRMS (ESI) m/z calcd. for C14H13CIOSNa [M+Na]* : 287.0268, found: 287.0266.

L0

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢28 as a colorless oil (50.0 mg, 85% yield). *H NMR (400 MHz, CDCls) &
7.46 — 7.40 (m, 2H), 7.40 — 7.29 (m, 4H), 7.26 (dt, J = 9.4, 4.4 Hz, 1H), 7.06 (t, J = 9.2
Hz, 2H), 4.72 (dd, J = 9.3, 3.2 Hz, 1H), 3.36 — 3.25 (m, 1H), 3.07 (dt, J = 16.2, 10.6 Hz,
2H), 2.31 (s, 3H); 13C NMR (101 MHz, DMSO) & 169.7, 150.0, 142.2, 134.8, 129.4,
128.4,127.7,125.9,121.9, 71.2, 41.9, 21.3.

HRMS (ESI) m/z calcd. for C16H1603SNa [M+Na]* : 311.0712, found: 311.0713.

%Y

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢29 as a white solid (55.1 mg, 90% yield). *H NMR (400 MHz, CDCls) § 7.65
—7.58 (m, 4H), 7.51 — 7.43 (m, 6H), 7.42 — 7.32 (m, 3H), 7.31 — 7.25 (m, 1H), 4.80 (d,
J=09.2 Hz, 1H), 3.39 (dd, J = 13.8, 3.6 Hz, 1H), 3.17 (dd, J = 13.8, 9.4 Hz, 1H), 3.03
(s, 1H); 13C NMR (101 MHz, CDCls) 8 141.2, 140.9, 140.8, 134.9, 130.3, 129.2, 128.8,
127.4,127.3,127.1, 126.8, 126.4, 71.5, 44.0.

HRMS (ESI) m/z calcd. for C20H1s0OSNa [M+Na]* : 329.0971, found: 329.0966.

Feaas

c30




Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)
afforded ¢30 as a colorless oil (38.7 mg, 63% yield). '"H NMR (400 MHz, CDCl3) &
7.47 — 7.42 (m, 2H), 7.40 (dt, J = 3.4, 2.0 Hz, 2H), 7.34 — 7.27 (m, 2H), 7.25 (dt, J =
4.8,1.9 Hz, 1H), 7.23 —7.17 (m, 2H), 4.65 (dd, J=9.3, 3.6 Hz, 1H), 3.26 (dd, /= 13.9,
3.6 Hz, 1H), 3.07 — 3.01 (m, 1H), 2.99 (s, 1H); 3C NMR (101 MHz, CDCls) § 141.1,
134.5,131.6, 130.4, 129.2, 127.6, 127.0, 121.8, 71.0, 44.0.

HRMS (ESI) m/z calcd. for C14H13BrOSNa [M+Na]* : 330.9763, found: 330.9753.

OH
c34

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢34 as a colorless oil (37.7 mg, 73% yield). '"H NMR (400 MHz, CDCl3) &
7.52 — 7.46 (m, 2H), 7.40 — 7.31 (m, 3H), 7.28 (d, J= 7.9 Hz, 1H), 7.18 — 7.09 (m, 3H),
3.52(d,J=13.0 Hz, 1H), 3.33 (d, /= 13.0 Hz, 1H), 2.90 (s, 1H), 2.39 (s, 3H), 1.66 (s,
3H); 3C NMR (101 MHz, CDCl3) & 146.3, 138.3, 135.6, 130.2, 129.8, 128.3, 127.1,
126.6, 126.4, 124.8, 74.0, 48.9, 29.5, 20.7.

HRMS (ESI) m/z calcd. for C16H1s0OSNa [M+Na]* : 281.0971, found: 281.0971.

OH
©>§/S\©/
c35

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢35 as a colorless oil (38.7 mg, 75% yield). '"H NMR (400 MHz, CDCl3) &
7.52 —7.45 (m, 2H), 7.37 (t, J = 4.3 Hz, 2H), 7.31 — 7.24 (m, 1H), 7.21 — 7.12 (m, 3H),
7.02 (d, J= 1.0 Hz, 1H), 3.56 (d, J = 13.3 Hz, 1H), 3.38 (d, /= 13.3 Hz, 1H), 2.99 (s,
1H), 2.32 (s, 3H), 1.66 (s, 3H); '3C NMR (101 MHz, CDCI3) & 146.3, 138.7, 136.2,
130.7, 128.8, 128.3, 127.4, 127.1, 124.9, 74.0, 49.6, 29.4, 21.3.

HRMS (ESI) m/z calcd. for C16H1s0OSNa [M+Na]* : 281.0971, found: 281.0971

OH
saaet
c36

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)




afforded ¢36 as a brown oil (36.6 mg, 71% yield). "H NMR (400 MHz, CDCl3) § 7.49
(d, J=7.8 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.29 (d, J = 8.1 Hz, 3H), 7.09 (d, J= 7.9
Hz, 2H), 3.55 (d, J=13.3 Hz, 1H), 3.35 (d, /= 13.3 Hz, 1H), 2.86 (s, 1H), 2.34 (s, 3H),
1.64 (s, 3H); ¥C NMR (101 MHz, CDCl3) 8 146.3, 136.6, 132.9, 130.6, 129.8, 128.3,
127.1, 124.9, 74.0, 50.3, 29.4, 21.0.

HRMS (ESI) m/z calcd. for C1sH1s0OSNa [M+Na]* : 281.0971, found: 281.09609.

Saace

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c37

afforded ¢37 as a yellow oil (36.2 mg, 66% yield). "H NMR (400 MHz, CDCl3) § 7.49
—7.38 (m, 2H), 7.38 — 7.21 (m, 5H), 6.79 (d, J= 8.8 Hz, 2H), 3.79 (s, 3H), 3.49 (d, J =
13.3 Hz, 1H), 3.27 (d,J=13.3 Hz, 1H), 3.01 (s, 1H), 1.60 (s, 3H); ¥*C NMR (101 MHz,
CDCl) & 159.0, 146.3, 133.4, 128.2, 127.0, 126.8, 124.8, 114.6, 74.0, 55.4, 51.5, 29 4.
HRMS (ESI) m/z calcd. for C16H1802SNa [M+Na]" : 297.0920, found: 297.0918.

OH
&SO
Bu

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1,

c38

v/v) afforded ¢38 as a colorless oil (39.0 mg, 65% yield). *H NMR (400 MHz,
CDCls) § 7.51 — 7.45 (m, 2H), 7.38 — 7.33 (m, 2H), 7.32 — 7.29 (m, 4H), 7.27 (dd, J =
5.7, 3.5 Hz, 1H), 3.59 (d, J = 13.3 Hz, 1H), 3.37 (d, J = 13.3 Hz, 1H), 3.02 (s, 1H),
1.66 (s, 3H), 1.34 (s, 9H); 1*C NMR (101 MHz, CDCls) & 149.8, 146.3, 132.8, 130.3,
128.3,127.1, 126.1, 124.9, 74.0, 50.1, 34.5, 31.3, 29.5.

HRMS (ESI) m/z calcd. for C1gH240SNa [M+Na]* : 323.1440, found: 323.1136.

saach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c39

afforded ¢39 as a yellow oil (35.2 mg, 55% yield). 'TH NMR (400 MHz, CDCl3) § 7.61
—7.55 (m, 2H), 7.52 — 7.46 (m, 5H), 7.43 (ddd, J = 8.6, 3.8, 2.1 Hz, 3H), 7.40 — 7.33



(m, 3H), 7.29 (tt, J=5.3, 1.2 Hz, 1H), 3.61 (d, /= 13.3 Hz, 1H), 3.42 (d, /= 13.3 Hz,
1H), 2.95 (s, 1H), 1.68 (s, 3H); 3C NMR (101 MHz, CDCls) & 146.2, 140.3, 139.4,
135.6, 130.4, 128.8, 128.3, 127.6, 127.4, 127.1, 126.9, 124.9, 74.0, 49.6, 29.5.

HRMS (ESI) m/z calcd. for C21H200SNa [M+Na]* : 343.1127, found: 343.1122.

OH Cl
c40

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢40 as a colorless oil (45.0 mg, 81% yield). 'TH NMR (400 MHz, CD3CN) &
7.40 (d, J = 7.7 Hz, 2H), 7.34 — 7.20 (m, 4H), 7.21 — 7.14 (m, 1H), 7.05 (pd, J = 7.3,
1.6 Hz, 2H), 3.49 (d, J = 13.1 Hz, 1H), 3.26 (d, J= 13.1 Hz, 1H), 2.85 (s, 1H), 1.59 (s,
3H); 3C NMR (101 MHz, CD3CN) § 140.7, 130.1, 129.5, 125.6, 124.5, 123.0, 122.2,
121.9,121.9, 119.5, 68.7, 43.1, 24.2.

HRMS (ESI) m/z calcd. for C15H1sCIOSNa [M+Na]* : 301.0424, found: 301.0419.

S\©/CI
c41

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

OH

afforded c41 as a colorless oil (50.0 mg, 90% yield). '"H NMR (400 MHz, CDCl3) &
7.42 (dd, J = 8.1, 1.0 Hz, 2H), 7.34 — 7.27 (m, 2H), 7.27 — 7.20 (m, 2H), 7.18 — 7.12
(m, 1H), 7.12 - 7.07 (m, 2H), 3.50 (d, /= 13.3 Hz, 1H), 3.31 (d, /= 13.3 Hz, 1H), 2.82
(s, 1H), 1.62 (s, 3H); 3C NMR (101 MHz, CDCls) & 145.9, 138.7, 134.6, 129.7, 129.3,
128.3,127.7,127.3,126.4, 124.8, 74.0, 49.1, 29.4.

HRMS (ESI) m/z calcd. for C1sH15sCIOSNa [M+Na]* : 301.0424, found: 301.0422.
OH

L
Clf ¢42

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢42 as a yellow oil (45.6 mg, 82% yield). "TH NMR (400 MHz, CDCl3) § 7.45
~7.38 (m, 2H), 7.34 — 7.27 (m, 2H), 7.27 — 7.18 (m, 3H), 7.18 — 7.13 (m, 2H), 3.48 (d,
J=13.3 Hz, 1H), 3.29 (d, J= 13.3 Hz, 1H), 2.85 (s, 1H), 1.60 (s, 3H); 3C NMR (101



MHz, CDCL) 6 146.0, 135.1, 132.4, 131.3,129.0, 128.3, 127.2, 124.8, 74.0, 49.8, 29 4.

HRMS (ESI) m/z calcd. for C1sH15sCIOSNa [M+Na]* : 301.0424, found: 301.0420.
OH

L
Fl c43

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c43 as a yellow oil (45.6 mg, 87% yield). 'H NMR (400 MHz, CDCls) & 7.45
(dd, J = 8.1, 1.0 Hz, 2H), 7.37 — 7.23 (m, 5H), 6.98 — 6.88 (m, 2H), 3.52 (d, J = 13.3
Hz, 1H), 3.34 — 3.26 (m, 1H), 2.98 (s, 1H), 1.63 (s, 3H); 13C NMR (101 MHz, CDCls)
8 161.8 (d, J = 247.7 Hz), 146.06, 132.8 (d, J = 8.1 Hz), 131.4(d, J = 3.4 Hz), 128.29,
127.14, 124.86, 116.0 (d, J = 22.0 Hz), 74.04, 50.78, 29.41; °F NMR (376 MHz,
CDCl3) 6 -115.05.

HRMS (ESI) m/z calcd. for C1sH1sFOSNa [M+Na]* : 285.0720, found: 285.0721.

0L

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c44

afforded c44 as a yellow oil (60.0 mg, 93% yield). "H NMR (400 MHz, CDCl3) § 7.49
~7.43 (m, 2H), 7.41 — 7.32 (m, 4H), 7.31 — 7.24 (m, 1H), 7.23 — 7.15 (m, 2H), 3.52 (d,
J=13.3 Hz, 1H), 3.33 (d, /= 13.3 Hz, 1H), 2.87 (s, 1H), 1.65 (s, 3H); 1*C NMR (101
MHz, CDCl3) 6 146.0, 135.8,131.9, 131.5, 128.3, 127.2, 124.8, 120.3, 74.0, 49.6, 29.4.

HRMS (ESI) m/z calcd. for C1sH1sBrOSNa [M+Na]™ : 344.9919, found: 344.9918.
OH

L
H c45

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded c45 as a colorless oil (37.0 mg, 50% yield). '"H NMR (400 MHz, CDCl3) &
7.57 —7.51 (m, 2H), 7.45 (dt, J= 3.4, 2.2 Hz, 2H), 7.38 — 7.31 (m, 2H), 7.30 — 7.25 (m,
1H), 7.08 — 7.02 (m, 2H), 3.52 (d, J=13.3 Hz, 1H), 3.33 (d, /= 13.3 Hz, 1H), 2.80 (s,
1H), 1.64 (s, 3H); *C NMR (101 MHz, CDCls) & 146.0, 137.8, 136.7, 131.5, 128.4,
127.2,124.8,91.2, 74.0, 49.3, 29 4.



HRMS (ESI) m/z calcd. for C15sH1sI0OSNa [M+Na]* : 392.9780, found: 392.9779.

OH
S

c46

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)
afforded ¢46 as a colorless oil (33.2 mg, 61% vyield). 'TH NMR (400 MHz, CDCls3) &
7.49 (dd, J= 8.2, 1.0 Hz, 2H), 7.37 (dd, J=10.3, 4.8 Hz, 2H), 7.28 (ddd, /=7.2, 5.7,
1.2 Hz, 1H), 6.98 (s, 2H), 6.83 (s, 1H), 3.56 (d, J=13.2 Hz, 1H), 3.37 (d, /= 13.2 Hz,
1H), 3.01 (s, 1H), 2.28 (s, 6H), 1.65 (s, 3H); 3C NMR (101 MHz, CDCl3) § 146.3,
138.58, 135.85, 128.42, 128.23, 127.83, 127.07, 124.88, 73.97, 49.63, 29.45, 21.20.
HRMS (ESI) m/z calcd. for C17H200SNa [M+Na]* : 295.1127, found: 295.1126.

OH F
c47

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢47 as a pale-yellow oil (43.8 mg, 74% yield). 'TH NMR (400 MHz, CDCls) &
7.42 (dt, J = 3.2, 2.0 Hz, 2H), 7.33 — 7.27 (m, 2H), 7.25 — 7.18 (m, 3H), 6.92 (td, J =
8.0, 1.2 Hz, 1H), 3.59 (d, /= 13.4 Hz, 1H), 3.29 (d, /= 13.4 Hz, 1H), 2.94 (s, 1H), 1.65
(s, 3H); BC NMR (101 MHz, CDCI3) 4 157.0 (d, J = 247.7 Hz), 145.6, 131.2, 129.5,
128.2, 127.2, 125.0 (d, J = 17.4 Hz), 124.8, 124.5 (d, J = 5.0 Hz), 121.5 (d, J = 19.1
Hz), 74.0, 48.7, 29.4; F NMR (376 MHz, CDCl3) 6 -109.47.

HRMS (ESI) m/z calcd. for C15sH14CIFOSNa [M+Na]* : 319.0330, found: 319.0329.

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢48 as a yellow oil (41.2 mg, 70% yield). "H NMR (400 MHz, CDCl3) § 7.82
—7.76 (m, 2H), 7.76 — 7.68 (m, 2H), 7.54 — 7.41 (m, 5H), 7.38 — 7.31 (m, 2H), 7.26
(ddt,J=6.5,5.2, 1.3 Hz, 1H), 3.65 (d,/J=13.3 Hz, 1H), 3.48 (d, J=13.3 Hz, 1H), 2.94
(s, 1H), 1.68 (s, 3H); 3C NMR (101 MHz, CDCls) 8 146.2, 133.9, 133.7, 131.9, 128.5,



128.3, 128.1, 127.8, 127.7, 127.2, 126.6, 125.9, 124.9, 74.1, 49.4, 29.4.
HRMS (ESI) m/z calcd. for C1gH1s0OSNa [M+Na]* : 317.0971, found: 317.0968.

OMe
SARe
c49

Purification by column chromatography on silica gel (hexane/ethyl acetate = 20/1, v/v)

afforded c49 as a colorless oil (48.0 mg, 93% yield). '"H NMR (500 MHz, CDCl3) &
7.50 (dd, J = 8.2, 1.0 Hz, 2H), 7.42 (dd, J = 10.4, 4.9 Hz, 2H), 7.33 (dd, J = 10.1, 4.2
Hz, 3H), 7.27 (dd, J = 10.7, 5.1 Hz, 2H), 7.18 (dd, J = 10.5, 4.2 Hz, 1H), 3.47 (d, J =
12.5 Hz, 1H), 3.35 (d,J=12.5 Hz, 1H), 3.20 (s, 3H), 1.78 (s, 3H); 13C NMR (126 MHz,
CDCl3) 6 143.5,137.6, 129.3, 128.8, 128.4, 127.6, 126.4, 125.8, 79.1, 50.9, 47.6, 22.5.
HRMS (ESI) m/z calcd. for C16H1sOSNa [M+Na]* : 281.0971, found: 281.0973.

OEt
©>“ O
cS50

Purification by column chromatography on silica gel (hexane/ethyl acetate = 20/1, v/v)

afforded ¢50 as a colorless oil (49.0 mg, 90% yield). '"H NMR (500 MHz, CDCl3) &
7.36 —7.31 (m, 2H), 7.24 (dd, J = 10.3, 4.9 Hz, 2H), 7.20 — 7.13 (m, 3H), 7.12 — 7.06
(m, 2H), 7.03 - 6.97 (m, 1H), 3.31 (d, J=12.5 Hz, 1H), 3.25 (dq, J = 8.6, 6.9 Hz, 1H),
3.18 (d,J=12.5 Hz, 1H), 3.09 (dq, J = 8.6, 7.0 Hz, 1H), 1.62 (d, /= 6.8 Hz, 3H), 1.07
(t, J=7.0 Hz, 3H); 1¥*C NMR (126 MHz, CDCl3) § 144.3, 137.8, 129.2, 128.8, 128.3,
127.4,126.2, 125.7, 78.8, 58.4, 47.6, 23.3, 15.7.

HRMS (ESI) m/z calcd. for C17H200SNa [M+Na]* : 295.1127, found: 295.1127.

O'Pr
0
c51

Purification by column chromatography on silica gel (hexane/ethyl acetate = 30/1, v/v)

afforded ¢51 as a colorless oil (42.9 mg, 75% yield). '"H NMR (500 MHz, CDCl3) &
7.57—-7.51 (m, 2H), 7.38 (td, J=8.2, 6.7 Hz, 2H), 7.31 (ddd, J=9.8, 7.5, 3.3 Hz, 3H),
7.27 —7.20 (m, 2H), 7.15 (ddt, J= 7.7, 6.5, 3.3 Hz, 1H), 3.61 (hept, J = 6.1 Hz, 1H),
3.44 (d,J=12.4Hz, 1H), 3.32 (d, J=12.4 Hz, 1H), 1.82 (d, /= 6.9 Hz, 3H), 1.19 (t, J



= 6.4 Hz, 3H), 1.06 (d, J = 6.1 Hz, 3H); 3C NMR (126 MHz, CDCls) § 144.4, 137.8,
136.5, 129.2, 128.7, 128.0, 126.9, 125.6, 79.2, 66.0, 48.2, 25.0, 24.5, 23.2.
HRMS (ESI) m/z calcd. for C1gH220SNa [M+Na]* : 309.1284, found: 309.1284.

O"Bu
o C
c52

Purification by column chromatography on silica gel (hexane/ethyl acetate = 40/1, v/v)

afforded ¢52 as a colorless oil (51.6 mg, 86% yield). 'H NMR (400 MHz, CDCl3) &
7.50 —7.44 (m, 2H), 7.38 (dd, J=10.2, 4.8 Hz, 2H), 7.35 - 7.28 (m, 3H), 7.25 (dd, J =
10.3,4.9 Hz, 2H), 7.15 (dd, J= 8.3, 6.3 Hz, 1H), 3.46 (d, /= 12.5 Hz, 1H), 3.36 — 3.28
(m, 2H), 3.17 (dt, J = 8.6, 6.7 Hz, 1H), 1.76 (s, 3H), 1.58 (dt, J = 14.7, 6.7 Hz, 2H),
1.44 — 1.34 (m, 2H), 0.93 (dd, J = 9.3, 5.4 Hz, 3H); *C NMR (101 MHz, CDCl;3) &
144.2,137.8,129.2,128.7,128.2, 127.3, 126.3, 125.6, 78.5, 62.6,47.6,32.4,23.1, 19.4,
14.0.

HRMS (ESI) m/z calcd. for C19H240SNa [M+Na]* : 323.1440, found: 323.1440.

_/—Ph

caach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 30/1, v/v)

afforded ¢53 as a colorless oil (57.1 mg, 82% yield). '"H NMR (400 MHz, CDCl3) &
7.42 —7.28 (m, 12H), 7.27 — 7.19 (m, 3H), 3.65 — 3.56 (m, 1H), 3.53 — 3.47 (m, 1H),
3.48 —3.40 (m, 1H), 3.35 (d, /= 12.6 Hz, 1H), 2.96 (dd, J = 14.0, 6.9 Hz, 2H), 1.80 (s,
3H); 3C NMR (101 MHz, CDCl3) § 144.0, 139.2, 137.8, 129.4, 129.2, 128.8, 128.3,
127.4,126.4, 126.3, 126.2, 125.8, 79.0, 64.2, 47.8, 36.9, 23.0.

HRMS (ESI) m/z calcd. for C23H240SNa [M+Na]* : 371.1440, found: 371.1440.

oJ—/_/
‘ol

Purification by column chromatography on silica gel (hexane/ethyl acetate = 40/1, v/v)




afforded ¢54 as a colorless oil (54.4 mg, 83% yield). 'H NMR (400 MHz, CDCl;3) &
7.48 (dt,J=3.2,2.1 Hz, 2H), 7.43 — 7.36 (m, 2H), 7.35 — 7.28 (m, 3H), 7.28 — 7.22 (m,
2H), 7.18 = 7.13 (m, 1H), 3.47 (d, J = 12.5 Hz, 1H), 3.37 — 3.28 (m, 2H), 3.17 (dt, J =
8.5, 6.8 Hz, 1H), 1.77 (d, J = 4.5 Hz, 3H), 1.65 — 1.51 (m, 2H), 1.41 — 1.28 (m, 6H),
0.93 (t, J = 7.0 Hz, 3H); 3C NMR (101 MHz, CDCls) 6 144.3, 137.9, 129.2, 128.7,
128.2,127.3, 126.3, 125.6, 78.6, 62.9, 47.6, 31.8, 30.2, 25.9, 23.1, 22.7, 14.1.

HRMS (ESI) m/z calcd. for Co1H260SNa [M+Na]* : 351.1753, found: 351.1754.

caach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)

afforded ¢55 as a white solid (65.4 mg, 80% yield). "H NMR (400 MHz, CDCls) & 7.89
(dd,J=8.1,4.3 Hz, 1H), 7.86 —7.79 (m, 1H), 7.73 — 7.67 (m, 2H), 7.57 — 7.51 (m, 2H),
7.44 — 7.33 (m, 4H), 7.33 — 7.25 (m, 1H), 7.15 — 7.03 (m, 3H), 4.65 (d, /= 13.0 Hz,
1H), 3.85 (d, J = 13.0 Hz, 1H), 2.25 (s, 3H); 1*C NMR (101 MHz, CDCl3) § 158.8,
143.8,137.9,135.5,135.4,134.7,133.9, 131.3, 128.6, 127.6, 126.6, 126.3, 125.3, 124.9,
120.2, 67.8, 42.9, 25.1.

HRMS (ESI) m/z calcd. for C22H19NOsS2Na [M+Na]* : 432.0699, found: 432.0699.

c56

Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)
afforded ¢56 as a white solid (75.7 mg, 78% yield). "H NMR (400 MHz, CDCl3) § 7.94
—7.84 (m, 2H), 7.74 — 7.68 (m, 2H), 7.62 — 7.54 (m, 6H), 7.47 — 7.39 (m, 4H), 7.35 (t,
J=17.3Hz, 1H), 7.14 — 7.00 (m, 3H), 4.67 (d, /= 13.0 Hz, 1H), 3.89 (d, /= 13.0 Hz,
1H), 2.28 (s, 3H); 3C NMR (101 MHz, CDCls) 6 158.9, 142.7, 140.5, 140.3, 135.5,



134.7,134.3,133.9,131.4,128.7, 128.6, 127.4,127.2, 127.1, 126.6, 125.8, 124.9, 123.6,
120.3, 67.8, 43.1, 25.0.
HRMS (ESI) m/z calcd. for C2gH2sNOsS2Na [M+Na]* : 508.1012, found: 508.1014.

Br 57

Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)
afforded ¢57 as a white solid (53.6 mg, 55% yield). "H NMR (400 MHz, CDCls) § 7.89
(d, J=7.7 Hz, 1H), 7.86 — 7.80 (m, 1H), 7.69 (ddt, J = 10.2, 3.6, 1.4 Hz, 3H), 7.50 —
7.44 (m, 1H), 7.42 — 7.34 (m, 3H), 7.19 (t, /= 8.0 Hz, 1H), 7.14 — 7.01 (m, 3H), 4.57
(d, J=13.1 Hz, 1H), 3.80 (d, J = 13.1 Hz, 1H), 2.21 (s, 3H); 3C NMR (101 MHz,
CDCl;) 6 158.8, 146.1, 137.8, 135.2, 134.8, 134.0, 131.4, 130.7, 130.1, 128.6, 128.6,
126.8, 126.2, 124.9, 124.2, 122.7, 120.3, 67.3, 42.8, 24.8.

HRMS (ESI) m/z calcd. for C22H1sBrNO3S2Na [M+Na]* : 509.9804, found: 509.9806.

saach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)

afforded ¢58 as a white solid (42.1 mg, 61% yield). '"H NMR (400 MHz, CDCls) § 8.01
(dt, J= 8.4, 0.8 Hz, 1H), 7.36 — 7.29 (m, 3H), 7.27 — 7.03 (m, 9H), 6.64 (dd, J = 7.6,
0.8 Hz, 1H), 4.37 (d, J = 13.5 Hz, 1H), 4.15 — 4.09 (m, 1H), 2.27 (s, 3H); 3*C NMR
(101 MHz, CDCI3) & 146.8, 141.6, 135.9, 132.2, 130.5, 128.8, 128.7, 128.4, 126.6,
126.6, 126.1, 123.6, 120.0, 112.0, 67.8, 47.0, 26.5.

HRMS (ESI) m/z calcd. for Co1H19N3SNa [M+Na]* : 368.1192, found: 368.1192.



OMe c59

Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)
afforded c59 as a white solid (40.5 mg, 54% yield). *H NMR (400 MHz, CDCls) & 8.00
(d, J = 8.3 Hz, 1H), 7.26 — 7.20 (m, 2H), 7.19 — 7.03 (M, 6H), 6.84 (dd, J = 8.0, 2.2 Hz,
1H), 6.80 — 6.74 (m, 1H), 6.74 — 6.68 (m, 2H), 4.36 (d, J = 13.5 Hz, 1H), 4.10 (d, J =
13.5 Hz, 1H), 3.69 (s, 3H), 2.24 (s, 3H); 13C NMR (101 MHz, CDCl3) § 159.8, 146.8,
143.2,135.9, 132.2, 130.6, 129.9, 128.7, 126.7, 126.6, 123.6, 120.0, 118.4, 113.1, 112.7,
112.0, 67.7, 55.3, 46.9, 26.4.

HRMS (ESI) m/z calcd. for C22H21N3OSNa [M+Na]* : 398.1298, found: 398.1298.

¢60
Purification by column chromatography on silica gel (hexane/ethyl acetate = 5/1, v/v)

afforded c60 as a white solid (43.8 mg, 52% yield). *H NMR (400 MHz, CDCls) &
8.04 (d, J = 8.3 Hz, 1H), 7.61 — 7.56 (m, 2H), 7.55 — 7.50 (m, 2H), 7.46 (dd, J = 8.1,
6.9 Hz, 2H), 7.38 (d, J = 7.3 Hz, 1H), 7.28 — 7.21 (m, 3H), 7.17 (ddd, J = 4.9, 3.9, 2.3
Hz, 3H), 7.14 — 7.07 (m, 3H), 6.75 (d, J = 8.4 Hz, 1H), 4.41 (d, J = 13.5 Hz, 1H), 4.19
(d, J = 13.5 Hz, 1H), 2.31 (s, 3H); 13C NMR (101 MHz, CDCls)  146.9, 141.1,
140.4, 140.0, 135.9, 132.3, 130.7, 128.9, 128.7, 127.7, 127.4, 127.0, 126.7, 126.7,
126.6, 123.6, 120.1, 112.1, 67.8, 47.2, 26.4.

HRMS (ESI) m/z calcd. for C27H23N3SNa [M+Na]" : 444.1505, found: 444.1505.



caach

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢61 as a white solid (39.5 mg, 53% yield). 'TH NMR (400 MHz, CDCl3) § 7.72
—7.62 (m, 4H), 7.39 — 7.30 (m, 6H), 7.30 — 7.24 (m, 1H), 7.10 — 7.04 (m, 2H), 7.03 —
6.96 (m, 1H), 4.61 (d, J = 13.4 Hz, 1H), 3.65 (d, J = 13.4 Hz, 1H), 2.19 (s, 3H); 1*C
NMR (101 MHz, CDCl3) 6 169.2, 145.5, 135.9, 133.8, 131.7, 130.9, 128.7, 128.6,
127.2,126.4, 124.6, 123.0, 64.9, 44.7, 27.6.

HRMS (ESI) m/z calcd. for C23H19NO2SNa [M+Na]* : 396.1029, found: 396.1028.

©

OMe c62

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)
afforded ¢62 as a colorless oil (58.8 mg, 73% yield). '"H NMR (400 MHz, CDCl3) &
7.72 —=7.61 (m, 4H), 7.35 - 7.29 (m, 2H), 7.26 (td, J = 7.9, 3.4 Hz, 1H), 7.07 (dd, J =
10.3, 4.7 Hz, 2H), 7.01 — 6.92 (m, 2H), 6.90 (t, /= 2.1 Hz, 1H), 6.79 (dd, J=8.2,2.2
Hz, 1H), 4.60 (d, J = 13.4 Hz, 1H), 3.77 (s, 3H), 3.66 — 3.59 (m, 1H), 2.18 (s, 3H); 13C
NMR (101 MHz, CDCl3) & 169.1, 159.7, 147.2, 135.9, 133.8, 131.7, 130.8, 129.6,
128.7,126.4, 123.0, 117.0, 111.6, 111.4, 64.8, 55.2, 44.6, 27.5.

HRMS (ESI) m/z calcd. for C24H21NOsSNa [M+Na]* : 426.1134, found: 426.1134.

Foaae

c63




Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)
afforded c64 as a white solid (50.3 mg, 56% yield). '"H NMR (400 MHz, CDCl3) § 7.74
— 7.64 (m, 4H), 7.60 — 7.55 (m, 4H), 7.44 (ddd, J = 8.6, 6.9, 2.1 Hz, 4H), 7.38 — 7.32
(m, 3H), 7.12 — 7.05 (m, 2H), 7.04 — 6.97 (m, 1H), 4.64 (d, /= 13.4 Hz, 1H), 3.71 (d, J
=13.4 Hz, 1H), 2.24 (s, 3H); *C NMR (101 MHz, CDCl3) § 169.2, 144.4, 140.5, 140.0,
135.9,133.8,131.7, 130.9, 128.8, 128.7,127.3,127.3, 127.1, 126 .4, 125.1, 123.0, 64.8,
448, 27.5.

HRMS (ESI) m/z calcd. for Co9H23NO2SNa [M+Na]* : 472.1342, found: 472.1344.

0FN” 0
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Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

c64

afforded ¢63 as a yellow oil (39.1 mg, 42% yield). 'H NMR (400 MHz, CDCl3) 6 7.81
—7.74 (m, 2H), 7.73 — 7.67 (m, 2H), 7.48 — 7.39 (m, 4H), 7.34 — 7.28 (m, 3H), 7.17 —
7.06 (m, 5H), 6.86 — 6.78 (m, 2H), 4.63 (q, J = 12.9 Hz, 2H), 3.80 (s, 3H); 3C NMR
(101 MHz, CDCIs) 6 168.8, 158.8, 141.2, 136.8, 134.1, 133.0, 131.8, 130.1, 1294,
128.6, 127.9, 127.8, 127.5, 126.1, 123.2, 113.1, 69.4, 55.2, 46.4.

HRMS (ESI) m/z calcd. for C29H23NO3SNa [M+Na]* : 488.1291, found: 488.1291.

0PN~ ~0
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Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢65 as a white solid (37.5 mg, 45% yield). '"H NMR (400 MHz, CDCl3) § 7.73
—7.62 (m, 4H), 7.31 (dt, J=3.3, 1.9 Hz, 2H), 7.12 — 7.05 (m, 2H), 7.03 — 6.97 (m, 1H),
6.86 — 6.79 (m, 2H), 6.77 — 6.72 (m, 1H), 5.93 (ddd, J= 5.3, 3.6, 1.6 Hz, 2H), 4.58 —



4.49 (m, 1H), 3.61 (dd, J=13.1, 7.4 Hz, 1H), 2.14 (s, 3H); 3C NMR (101 MHz, CDCl5)
0 169.1, 147.8, 146.5, 139.4, 133.8, 131.7, 130.8, 128.7, 126.4, 122.9, 117.9, 108.0,
105.8, 101.2, 100.0, 64.8, 45.0, 27.3.

HRMS (ESI) m/z calcd. for C24H19NOsSNa [M+Na]* : 440.0928, found: 440.0928.

N
0
c66

Purification by column chromatography on silica gel (hexane/ethyl acetate = 10/1, v/v)

afforded ¢66 as a colorless oil (37.3 mg, 52% yield). '"H NMR (400 MHz, CDCl3) &
7.82—7.76 (m, 2H), 7.73 — 7.66 (m, 2H), 7.54 — 7.48 (m, 2H), 7.40 (dt, /= 8.0, 1.6 Hz,
2H), 7.35 — 7.33 (m, 1H), 7.33 — 7.28 (m, 2H), 7.27 — 7.21 (m, 2H), 7.19 — 7.14 (m,
1H), 5.49 (dd, J=11.2,4.8 Hz, 1H), 4.32 (dt, /= 14.0, 9.4 Hz, 1H), 3.59 (ddd, /= 14.2,
9.5, 4.8 Hz, 1H); 3C NMR (101 MHz, CDCl3) & 168.2, 138.6, 133.9, 131.8, 131.4,
129.0, 128.7, 128.2, 128.0, 127.1, 125.9, 123.3, 54.7, 36.1.

HRMS (ESI) m/z calcd. for C22H17NO2SNa [M+Na]* : 382.0872, found: 382.0872.

Xoynfi”ﬁsf)

Purification by column chromatography on silica gel (hexane/ethyl acetate = 3/1, v/v)

c67

afforded ¢67 as a white solid (61.9 mg, 72% yield). '"H NMR (400 MHz, CDCls) & 8.88
(s, 1H), 7.48 (d, J = 8.5 Hz, 2H), 7.41 — 7.31 (m, 4H), 7.25 (t, J = 7.5 Hz, 2H), 7.19 (d,
J=7.3Hz, 1H), 5.48 (s, 1H), 4.43 (s, 1H), 3.49 (dd, /= 13.2, 6.0 Hz, 1H), 3.34 (t, J =
11.1 Hz, 1H), 3.20 (s, 1H), 1.61 (s, 3H), 1.50 — 1.45 (m, 12H); 1*C NMR (101 MHz,
CDClL) 6 171.4, 156.2, 142.1, 136.9, 136.7, 129.9, 129.0, 126.3, 125.5, 119.7, 80.5,
73.9,50.8,49.4,29.2,28.4, 18.0.

HRMS (ESI) m/z calcd. for C23H30N204SNa [M+Na]" : 453.1818, found: 453.1809.



XW%@*@

Purification by column chromatography on silica gel (hexane/ethyl acetate = 3/1, v/v)

c68

afforded ¢68 as a white solid (68.8 mg, 68% yield). '"H NMR (400 MHz, CDCls) § 7.44
—7.31 (m, 7H), 7.30 — 7.23 (m, 7H), 7.21 — 7.15 (m, 1H), 5.81 (s, 1H), 4.75 (s, 1H),
3.49 (d, J = 13.1 Hz, 1H), 3.43 — 2.98 (m, 4H), 1.62 (s, 3H), 1.43 (s, 9H); 1*C NMR
(101 MHz, CDCl3) ¢ 170.4, 156.2, 142.3, 136.7, 134.2, 129.9, 129.4, 129.0, 128.7,
126.9, 126.3, 125.5, 123.5, 120.0, 80.5, 73.9, 56.8, 49.4, 38.8, 29.2, 28.4.

HRMS (ESI) m/z calcd. for C29HzsN204SNa [M+Na]* : 529.2132, found: 529.2127.

Og@ﬁ)

Purification by column chromatography on silica gel (hexane/ethyl acetate = 3/1, v/v)

c69

afforded ¢67 as a white solid (84.3 mg, 85% yield). 'TH NMR (400 MHz, CDCls) & 8.03
~7.95 (m, 3H), 7.88 (s, 1H), 7.81 (d, /= 7.4 Hz, 1H), 7.73 (dd, J = 10.5, 4.1 Hz, 1H),
7.64 (d, J=17.2 Hz, 3H), 7.46 (d, J=7.2 Hz, 2H), 7.42 — 7.29 (m, 6H), 7.05 (d,J=6.8
Hz, 1H), 4.25 — 4.14 (m, 1H), 3.63 (d, J= 13.4 Hz, 1H), 3.48 (d, /= 13.4 Hz, 1H), 3.13
(s, 1H), 1.82 (d, J = 6.3 Hz, 3H), 1.74 (s, 3H); 3C NMR (101 MHz, CDCl3) 5 196.6,
172.7,150.9, 148.4, 140.5, 138.3,137.6, 134.4,132.7, 131.7, 130.3, 129.4, 129.1, 128.9,
128.5, 126.7,123.7, 122.6, 120.1, 118.2, 74.0, 49.5, 45.7, 29.5, 18.7.

HRMS (ESI) m/z calcd. for C31H2s04SNa [M+Na]" : 519.1601, found: 519.1600.

c70

Purification by column chromatography on silica gel (hexane/ethyl acetate = 3/1, v/v)

afforded ¢67 as a white solid (57.6 mg, 71% yield). "H NMR (400 MHz, CDCls) § 7.44



(d, J=17.4 Hz, 2H), 7.33 (dd, J = 12.5, 4.7 Hz, 3H), 7.27 (d, J = 7.2 Hz, 1H), 7.15 (dd,
J=8.1, 6.5 Hz, 2H), 4.72 (dd, J = 9.2, 3.4 Hz, 1H), 3.35 (dd, J = 13.7, 3.7 Hz, 1H),
3.15(dd, J=13.7, 9.3 Hz, 1H), 2.99 (s, 1H), 2.94 (dd, J = 8.9, 4.0 Hz, 2H), 2.59 — 2.42
(m, 2H), 2.32 (dd, J=13.5, 7.1 Hz, 1H), 2.22 —2.01 (m, 4H), 1.68 — 1.49 (m, 6H), 0.94
(s, 3H); BC NMR (101 MHz, CDCl3) § 221.0, 139.7, 136.8, 134.3, 130.1, 129.1, 126.7,
126.5,125.6,123.6,123.4,71.5, 50.5,48.0,44.4,43.7,38.1,35.9,31.6, 29.5, 26.5, 25.7,
21.6,13.9.

HRMS (ESI) m/z calcd. for Co6H3002SNa [M+Na]* : 429.1859, found: 429.1858.



3. NMR spectra for the products
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'H NMR spectrum of c2
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'H NMR spectrum of ¢3
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'H NMR spectrum of c4
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'H NMR spectrum of ¢5
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'H NMR spectrum of c6
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'H NMR spectrum of ¢7
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'H NMR spectrum of c8
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'H NMR spectrum of ¢9
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'H NMR spectrum of ¢c10
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'H NMR spectrum of c11
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'H NMR spectrum of ¢12
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'H NMR spectrum of ¢13

P89l —

06+0°€—
LE6E'E

onmw.mw
oLlge-—+
m.v.vm.m\v

0980'L
46021
ZvOL L]
2oLL'L

zeeLL

S5bLL

Sv91° L
SLILLA
7z8l Ly
1167 LY
991€'/4
zoze L

_‘omw.h\
YevL L ¢
S0LL°L
108L°L
¥86L°L
€208,
vei8’L

OH

©

L2

=v62

=v60

£86°0
F-00'L

o8z
=06}
T-o6C

o6
=160

0.0

[z}

1.0

)
o

3.0

i)
[t

6.0

=)

8.0

=)

ppm)

f1

13C NMR spectrum of ¢13

Sh'6C—

6b 6 —

Levl—

zeeet
loeet
g6'scl
gLl
Lyozl
z5'/el
60'8cl
gz'eel
g6'8cl
cloel
05'zce _.W
SLeElL—
eroElL—

9gerl—

I
O,

=

(2
W




'H NMR spectrum of c14

09%9°L —

[A7A >
8805'€—
ZeLLe—

L0SE'E
s‘wm.mk
X

Sspl'L
o8bL'L
815"
865121
19912
8zLL'L
zL8l L
ov8L']
088L°1
Y6l LA
10T L
1z
16OL'L
geZL'L
VBLLL
Slep's
ée61°1
Setrbe—
Sb/9'8
20898’

y

-

F667T

=00}
=20

[es0

-58°¢
~ole

660

860
=660

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

85

9.0

13C NMR spectrum of c14

cc6e—

€e'6h—

06'¢L—

rO'eTL—
299l —
€0'6CL-7
ocogl

0L'lrl—

8Ll —
eLgrl”

170 160 150 140 130 120 110 100 ©S0 80 70 60 50 40 30 20 10
f1 (ppm)

180



'H NMR spectrum of ¢15
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'H NMR spectrum of ¢16
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'H NMR spectrum of ¢17
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'H NMR spectrum of ¢18
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'H NMR spectrum of ¢19
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'H NMR spectrum of ¢c20
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'H NMR spectrum of ¢21
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19F NMR spectrum of c21
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13C NMR spectrum of ¢22
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13C NMR spectrum of ¢23
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'H NMR spectrum of c24
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13C NMR spectrum of c24
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13C NMR spectrum of ¢25
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13C NMR spectrum of c26
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13C NMR spectrum of ¢c27
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13C NMR spectrum of ¢28
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13C NMR spectrum of ¢c29
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13C NMR spectrum of ¢30
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13C NMR spectrum of ¢34
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'H NMR spectrum of ¢35
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13C NMR spectrum of ¢35
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13C NMR spectrum of ¢36
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13C NMR spectrum of ¢37
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13C NMR spectrum of ¢38
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13C NMR spectrum of ¢39
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13C NMR spectrum of c40
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13C NMR spectrum of c41
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13C NMR spectrum of c42
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13C NMR spectrum of c43
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'H NMR spectrum of c44
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'H NMR spectrum of c45
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'H NMR spectrum of c46
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'H NMR spectrum of c47
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13C NMR spectrum of c48
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13C NMR spectrum of c49
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13C NMR spectrum of ¢50
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13C NMR spectrum of ¢51
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13C NMR spectrum of ¢52

PO¥FL—
Sk6l—
60°€C—

B6ECE—

€9'Lr—

95'29—

158/ —

29'qC)
6z'9ZL
ve'lel
[ TARNS
19'8C)
glech

¥8lEL—

STl —

OBy

o

-10

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

70

f1 (ppm)

'H NMR spectrum of ¢53

196L° ) —

89¥6°C
S¥96°C
1286C—

€1EE°E—
829¢°¢)
90t '€
8bTr'e
9lzre]
yorye]
PoP'e

L08r'e

LLLG €
L¥LS'E
2165°C

G96L°L7
$661°L

2202°L

SZIT'L

9L1T'L

vezz L
92527/
95€Z'/
68ET'LA
00sZ L+
0L9T°LF
1042 L
99/ L]
18821
Lv6e L]
¥00€'L
680821
91ze'L
€828/
ELYE'L
YSYE'L
605¢°21
€95¢°L 1
009¢°L
1b98°L

e
©

AP T

TN .

-

98’

00
86
80
96°
L0

S6°
e

35 30 25 20 15 10 05 00

40

95 90 85 80 75 70 65 60 55

10.0



13C NMR spectrum of ¢53
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13C NMR spectrum of c54
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13C NMR spectrum of ¢55
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13C NMR spectrum of ¢56
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13C NMR spectrum of ¢57
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13C NMR spectrum of ¢58
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13C NMR spectrum of ¢59
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13C NMR spectrum of c60
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13C NMR spectrum of c61
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13C NMR spectrum of c62
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13C NMR spectrum of c63
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13C NMR spectrum of c64
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13C NMR spectrum of c65
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13C NMR spectrum of c66
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13C NMR spectrum of c67
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13C NMR spectrum of c68
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13C NMR spectrum of c69
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13C NMR spectrum of ¢70
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