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1. General experimental details

All reactions were maintained under a nitrogen atmosphere unless otherwise stated. Commercially
available reagents and solvents were purchased from Macklin, Energy, Sigma-Aldrich or TCI and were
used without further purification. Infrared (FT-IR) spectra were recorded on a BRUKER VERTEX 70,
vmax in cm™, *H-NMR spectra were recorded on a BRUKER AVANCE |1l HD (400 MHz) spectrometer.
Chemical shifts were reported in ppm from tetramethylsilane with the solvent resonance as internal
standard (CDCls: § 7.26, DMSO-d®: § 2.50). Data are reported as follows: chemical shift, multiplicity (s
= singlet, d = doublet, t = triplet, g = quadruplet, br = broad, m = multiplet), coupling constants (Hz)
and integration. 3C-NMR spectra were recorded on a BRUKER AVANCE IIl HD (100 MHz)
spectrometer with complete proton decoupling. Chemical shifts were reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls: § 77.00, DMSO-d°: §
39.52). ®F-NMR spectra were recorded on a BRUKER AVANCE Il HD (376 MHz) spectrometer.
11B-NMR spectra were recorded on a BRUKER AVANCE Il HD (128 MHz) spectrometer. High
resolution mass spectrometry (HRMS) were measured with a GCT PremierTM and BRUKER
micrOTF-Q I1l. Melting points were measured using INESA WRR and values were uncorrected.
Single-crystal X-ray diffraction measurements were performed on Bruker Photon 11 CPAD
diffractometer with nitrogen-flow temperature controlled using graphite-monchromated Mo-Ka (A
=0.71073 A) radiation at 120 K. The structure was solved by direct method using SHELXL2014 and the
refinement against all reflections of the compound was performed using SHELXL2014. Powder X-ray
diffraction (PXRD) data were collected on a desktop diffractometer (D2 PHASER, Bruker, Germany)
using Cu-Ka (A=1.54056 A) radiation operated at 30 kV and 10 mA.

2. Reaction condition survey?®

s Photocatalyst (3 mol%) Sg N
)\ P Additive (x equiv.) Z
N/ o) * Ph™ ™ Solvent (2 mL), rt.
+ = lue LED
N2 BF, blue s Ph

1b 2a 3a ont
Entry Photocatalyst Additive (x equiv.) Solvent Yield (%)°
1 [Ir(ppy)2(dtbbpy)]PFs PhSH (1.5) MeCN 31
2 Ir(ppy)s PhSH (1.5) MeCN <10
3 Eosin Y PhSH (1.5) MeCN 39
4 Ru(bpy)sCl, 6H20 PhSH (1.5) MeCN 37
5 [Ir(dF(CF3)ppy)2(dtbbpy)]PFs PhSH (1.5) MeCN 48
9-mesityl-10-
6 methylacridinium perchlorate PhSH (1.5) MeCN 46
7 2,4,6-triphenylpyrylium PhSH (1.5) MeCN 38
tetrafluoroborate
8 4CzIPN PhSH (1.5) MeCN 55
9 Fluorescein PhSH (1.5) MeCN 37
10 4CzIPN PhSH (1.5) DCM 38
11 4CzIPN PhSH (1.5) DMSO n.d.
12 4CzIPN PhSH (1.5) DMF n.d.
13 4CzIPN PhSH (1.5) DME <10
14 4CzIPN PhSH (1.5) PhCF3 <10
15 4CzIPN PhSH (1.5) PhCI <10
16 4CzIPN PhSH (1.5) Acetone 65
17 4CzIPN PhSH (1.5) EtOAC 45
18 4CzIPN PhSH (1.5) THF 21
19 4CzIPN L(+)-Ascorbic acid (1.5) Acetone 37




20 4CzIPN NaBH4 (1.5) Acetone trace

21 4CzIPN Sodium ascorbate (1.5) Acetone trace
22 4CzIPN Cyclohexa-1,4-diene (1.5) Acetone <10
23 [Ir(ppy)2(dtbbpy)1PFs TTMSS (1.5) MeCN 19
24 [Ir(ppy)2(dtbbpy)]PFs 'Pr,NH (1.5) MeCN n.d.
25¢ [Ir(ppy)2(dtbbpy)]PFs HEH (2.0) MeCN n.d.
26 4CzIPN L(+)-Ascorbic acid (1.5) MeCN 66
27 4CzIPN L(+)-Ascorbic acid (1.5) DCM 24
28 4CzIPN L(+)-Ascorbic acid (1.5) EtOAC 63
29 4CzIPN L(+)-Ascorbic acid (2.0) MeCN 71
30° 4CzIPN L(+)-Ascorbic acid (2.0) MeCN 71
31° 4CzIPN L(+)-Ascorbic acid (2.5) MeCN 70
32¢d 4CzIPN L(+)-Ascorbic acid (2.0) MeCN trace
33¢d - L(+)-Ascorbic acid (2.0) MeCN trace
34¢ 4CzIPN - MeCN 22
35° - L(+)-Ascorbic acid (2.0) MeCN 22

#Reaction condition: 1b (0.2 mmol), 2a (0.4 mmol), photocatalyst (3 mol %), and additive in solvent (2.0 mL) were
irradiated with 30 Wx2 blue LEDs at rt under N». ®Yields of isolated products. ¢1b (0.3 mmol), 2a (0.2 mmol). %In dark.
The “n.d.” means no product was detected.

3. General procedure for the carboarylation of alkenes

Alkene 2 (0.2 mmol, 1.0 equiv.), benzenediazonium tetrafluoroborate 1b-10 (0.3 mmol, 1.5 equiv.),
4CzIPN (0.006 mmol, 3 mol %), and L(+)-ascorbic acid (0.4 mmol, 2.0 equiv.) were loaded in a
reaction vial which was subjected to evacuation/ flushing with N2 three times. MeCN (2.0 mL) was
added to the mixture via syringe and the reaction was irradiated with 30 Wx2 blue LEDs. After reaction
completion monitored by TLC, the reaction mixture was extracted with ethyl acetate (3 x 15 mL). The
combined organic extract was washed by brine, dried over Na>SOg, filtered, concentrated, and purified

by flash column chromatography on silica gel (eluent: ethyl acetate/ petroleum ether) to give the desired
product 3 or 4.

4. Synthesis of dual-function reagents 1 and 4CzIPN

4.1 Synthesis of 1la

s
8 OH K,CO
@E%Br + o N/>_O !

2-Bromobenzothiazole (10 mmol 1.0 equiv.), 2-iodophenol (15 mmol 1.5 equiv.), and K.COs (20
mmol, 2.0 equiv.) were loaded in a 100 mL flame-dried Schlenk tube which was subjected to
evacuation/ flushing with N2 three times. The reaction was heated to 160°C for 24 h in oil bath.
After reaction completion monitored by TLC, the reaction mixture was cooled to room temperature
and extracted with ethyl acetate (3 x 25 mL). The combined organic extract was washed by brine,



dried over Na>SOQa, filtered, concentrated, and purified by flash column chromatography on silica
gel (eluent: ethyl acetate/ petroleum ether = 1:200) to give product as white solid (1.9 g) in 54%
yield.

4.2 Representative procedures for synthesis of 1b-10

s OH Cs,CO; QS

@EN/%CI ’ C[NHz MeCN, 60 °C N/)\O/%
First step: 2-Aminophenol (10 mmol, 1.0 equiv.) and Cs2CO3z (21 mmol, 2.1 equiv.) were loaded in
a 100 mL round-bottom flask which was subjected to evacuation/ flushing with N> three times.
MeCN (25 mL) and 2-chlorobenzothiazole (20 mmol, 2.0 equiv.) were added in sequence to the
mixture via syringe and the reaction was heated to 60°C for 12 h in oil bath. After reaction
completion monitored by TLC, the reaction mixture was cooled to room temperature and extracted
with ethyl acetate (3 x 20 mL).The combined organic extract was washed by brine, dried over
Na2SOyg, filtered, concentrated, and purified by flash column chromatography on silica gel (eluent:
ethyl acetate/ petroleum ether = 1:10) to give product as pink solid (2.1g) in 87% yield.

NaN02
HCl N
s NaBF IR
@[ )—0  NH, H,0 ST 0T YL
N N2 BF4

Second step: 2-Benzothiazolyloxy aniline (1 mmol, 1 equiv.) was milled into powder and poured
into a 100 mL round-bottom flask containing a stirrer. Concentrated hydrochloric acid (2 mL) was
added portion wise to the mixture in a state of agitation. After 1 h, the mixture become homogenous
white viscous liquid and was placed in an ice bath. Sodium nitrite (1.1 mmol, 1.1 equiv.) in 1.0 mL
of distilled water was added drop wise. After 15 minutes, a yellow clear solution was obtained.
Sodium tetrafluoroborate (10 mmol, 10 equiv.) was added to this solution, and then a lot of
precipitate can be observed. After filtration, the cake was washed by distilled water (5 mL>3) (0 °C)
and ether (5 mL>4) and evaporated to dryness under reduced pressure, giving 2-benzothiazolyloxy
benzenediazonium tetrafluoroborate (306.5 mg) in 90% vyield.

4.3 Synthesis of 4CzIPN

Cz

F
NC CN O § NaH NC CN
. . THF, .t . .
F Cz
(CzH) (4CzIPN)

NaH (60% in oil, 0.60 g, 15 mmol) was added slowly to a stirred solution of carbazole (1.67 g, 10.0
mmol) in dry THF (40 mL) under a nitrogen atmosphere at room temperature. After 30 min,
tetrafluoroisophthalonitrile (0.40 g, 2 mmol) was added. After stirred at room temperature for 12 h,
2 mL water was added to the reaction mixture to quench the excess NaH. The resulting mixture was
then concentrated under reduced pressure and washed by water and EtOH to yield the crude product,

which was purified by recrystalization from hexane/DCM to give the product (1.5 g) in 95 % yield.

Characterization of starting materials

R

1a: 1.9 g, 54%, yellow oil. *H NMR (400 MHz, CDCls)  7.93-7.88 (m, 1H), 7.78-7.73 (m, 1H),
7.72-7.67 (m, 1H), 7.48-7.36 (m, 3H), 7.32-7.26 (m, 1H), 7.09-7.02 (M, 1H); *C NMR (100 MHz,



CDCls) 6 167.8, 154.2, 147.6, 143.6, 133.8, 133.1, 127.9, 127.5, 126.1, 123.3, 122.6, 122.5, 107.9.
FT-IR: v (cm™) 3068, 2925, 2744, 1595, 1518, 1463. HRMS [ESI] calcd for C1sHgINOS* [M+H]*
353.9444, found 353.9443.

C[:/%(){:}Nz BF,

1b: 306.5 mg, 90%, yellow solid, m.p. 123 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.85-
8.78 (m, 1H), 8.43-8.34 (m, 2H), 8.14 (dd, J = 8.0, 0.8 Hz, 1H), 7.90-7.80 (m, 2H), 7.59-7.53 (m,
1H), 7.52-7.46 (m, 1H); 13C NMR (100 MHz, DMSO-d®) 5 167.8, 154.2, 147.6, 143.6, 133.8, 133.1,
127.9, 127.5, 126.1, 123.3, 122.6, 122.5, 107.9. FT-IR: v (cm™) 2988, 2902, 2260, 1599, 1573, 1257.
HRMS [ESI] calcd for C13HgN3OS™* 254.0383, found 254.0394.

S .
)—0 N, BF,
N >>:

F
1c: 298.3 mg, 83%, yellow solid, m.p. 196 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.94 (dd,
J=96,5.2 Hz, 1H), 8.49 (dd, J = 10.0, 2.4 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 8.0 Hz,
1H), 7.82-7.75 (m, 1H), 7.60-7.54 (m, 1H), 7.54-7.47 (m, 1H); $3C NMR (100 MHz, DMSO-d®) &
169.9 (d, Jor = 267.3 Hz), 167.3, 156.8 (d, Jo.r = 14.8 Hz), 147.6, 137.0 (d, Jor = 13.3 Hz), 133.2,
127.5, 126.2, 123.3, 122.8, 116.5 (d, Jo.r = 25.3 Hz), 111.2 (d, Jo.r = 29.6 Hz), 104.2 (d, J = 2.7
Hz); 19F NMR (376 MHz, DMSO-d®) & -81.8 (s), -148.2 (s), -148.3 (s). FT-IR: v (cm™) 3440, 3333,
3057, 2366, 1634, 1597, 1513. HRMS [ESI] calcd for C13H7FN3OS™ 272.0288, found 272.0284.

S .
)—0 N, BF,
N ;

Cl

1d: 240.6 mg, 64%, yellow solid, m.p. 182 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.83 (d,
J=9.2 Hz, 1H), 8.67 (d, J = 1.6 Hz, 1H), 8.14 (d, J = 7.6 Hz, 1H), 7.98 (dd, J = 9.2, 2.0 Hz, 1H),
7.92 (d, J = 8.0 Hz, 1H), 7.60-7.54 (m, 1H), 7.53-7.47 (m, 1H); *C NMR (100 MHz, DMSO-d®) &
167.5, 154.6, 148.7, 147.6, 134.8, 133.2, 128.5, 127.5, 126.2, 123.3, 123.0, 122.8, 106.9. FT-IR: v
(cm™) 3114, 3091, 2286, 1598, 1582, 1313. HRMS [ESI] calcd for C13H7CINsOS* 287.9993, found
287.9986.

s -
)—0 N, BF,
N ;

Br

le: 322.3 mg, 77%, yellow solid, m.p. 180 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.90-
8.76 (m, 1H), 8.75-8.65 (m, 1H), 8.22-8.06 (m, 2H), 7.92 (d, J = 8.0 Hz, 1H), 7.60-7.53 (m, 1H),
7.53-7.46 (m, 1H); 3C NMR (100 MHz, DMSO-d® & 167.6, 154.0, 147.6, 138.6, 134.4, 133.3,
131.4,127.5,126.1, 125.8, 123.3, 122.8, 107.2. FT-IR: v (cm™) 3109, 2988, 2901, 2280, 1598, 1579,
1288. HRMS [ESI] calcd for C13H7BrN3OS* 331.9488, found 331.9485.

s .
)—0 N, BF,
N f

1f: 312.2 mg, 88%, yellow solid, m.p. 169 °C (decomp.). *H NMR (400 MHz, DMSO-d®) & 8.67 (d,
J =8.4 Hz, 1H), 8.24-8.16 (m, 1H), 8.13 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 7.6 Hz, 1H), 7.66 (d, J =



8.4 Hz, 1H), 7.60-7.52 (m, 1H), 7.52-7.46 (m, 1H), 2.61 (s, 3H); 3C NMR (100 MHz, DMSO-d®) &
167.7, 157.8, 154.6, 147.7, 133.4, 133.3, 128.8, 127.5, 126.1, 123.3, 122.7, 122.3, 103.9, 23.4. FT-
IR: v (em) 3100, 2987, 2901, 2257, 1599, 1580, 1311. HRMS [ESI] calcd for CisH10N30S*
268.0539, found 268.0545.

s A
)—0 N BF,
N

19: 280.5 mg, 71%, yellow solid, m.p. 152 °C (decomp.). *H NMR (400 MHz, DMSO-d®) & 8.86 (d,
J = 2.4 Hz, 1H), 8.52-8.44 (m, 1H), 8.36-8.30 (m, 1H), 8.16-8.10 (m, 1H), 7.88-7.82 (m, 1H), 7.60-
7.52 (m, 1H), 7.51-7.46 (m, 1H), 1.38 (s, 9H); *C NMR (100 MHz, DMSO-d®) & 168.2, 152.2,
151.0, 147.7, 141.3, 133.0, 130.0, 127.5, 126.0, 123.3, 122.7, 122.5, 107.5, 35.9, 30.8. FT-IR: v (cm"
1y 3085, 2974, 2265, 1605, 1562, 1498, 1401, 1258. HRMS [ESI] calcd for C17H16N30S* 310.1009,
found 310.1013.

s .o
)—0 N, BF,
N 2

Cl

1h: 259.6 mg, 69%, yellow solid, m.p. 193 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 9.04-
8.92 (m, 1H), 8.54-8.42 (m, 2H), 8.14 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.60-7.53 (m,
1H), 7.53-7.46 (m, 1H); 3C NMR (100 MHz, DMSO0-d®) § 167.7, 153.3, 147.5, 143.6, 133.1, 132.1,
130.5, 127.6, 126.2, 124.2, 123.3, 122.6, 109.3. FT-IR: v (cm™) 3303, 3091, 3010, 1684, 1616, 1587,
1490, 1311. HRMS [ESI] calcd for C13H7CIN3OS* 287.9993, found 287.9989.

s -
)—0 N, BF,
N Z

CFs
1i: 266.1 mg, 65%, yellow solid, m.p. 161 °C (decomp.). *H NMR (400 MHz, DMSO-d®) & 9.36 (d,
J=2.0Hz, 1H), 8.82-8.76 (m, 1H), 8.70-8.62 (m, 1H), 8.20-8.14 (m, 1H), 7.93-7.88 (m, 1H), 7.62-
7.56 (m, 1H), 7.55-7.50 (m, 1H): *C NMR (100 MHz, DMSO-d®) § 167.2, 156.5, 147.4, 140.3 (q,
Jo = 2.7 Hz), 133.3, 131.8 (q, Jor = 4.2 H2), 127.7, 126.9 (q, Jor = 35.0 Hz), 126.3, 123.5, 123.4,
122.8, 122.4 (q, Jor = 271.6 Hz), 109.4: °F NMR (376 MHz, DMSO-d®) § -61.5 (s), -148.2 (), -
1483 (s). FT-IR: v (cm™) 3097, 3074, 2280, 1616, 1575, 1281. HRMS [ESI] calcd for
C14H7F3N30S* 322.0256, found 322.0249.

S .o
)—0 N, BF,
N d

1j: 306.8 mg, 86%, yellow solid, m.p. 158 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.30-
8.24 (m, 1H), 8.22-8.17 (m, 1H), 8.16-8.11 (m, 1H), 7.89-7.84 (m, 1H), 7.76-7.70 (m, 1H), 7.50-
7.53 (m, 1H), 7.52-7.46 (m, 1H), 2.83 (s, 3H); *C NMR (100 MHz, DMSO-d®) § 168.0, 154.4,
147.7, 145.8, 143.0, 133.2, 129.1, 127.5, 126.1, 123.3, 122.6, 119.8, 108.2, 18.8. FT-IR: v (cm™)
2988, 2923, 2263, 1596, 1574, 1288, 1276. HRMS [ESI] calcd for C14H10N3OS™ 268.0539, found
268.0540.

)—0 N, BFy
N



1k: 311.1 mg, 88%, yellow solid, m.p. 165 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.79 (d,
J = 8.4 Hz, 1H), 8.46-8.30 (m, 2H), 7.98-7.90 (m, 1H), 7.88-7.80 (M, 1H), 7.79-7.71 (m, 1H), 7.43-
7.32 (m, 1H), 2.45 (s, 3H): 3C NMR (100 MHz, DMSO-d®) § 166.9, 154.4, 145.5, 143.7, 135.9,
133.8,133.1, 128.8, 127.8, 122.8, 122.3, 122.2, 107.7, 21.6. FT-IR: v (cm™) 3112, 2988, 2902, 2288,
1596, 1523, 1307. HRMS [ESI] calcd for C14H10N3OS™ 268.0539, found 268.0541.

0 S Q -

\C[N/%o N, BF4
11: 258.8 mg, 70%, yellow solid, m.p. 167 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.84-
8.74 (m, 1H), 8.40-8.30 (m, 2H), 7.85-7.71 (m, 3H), 7.14 (dd, J = 8.8, 2.8 Hz, 1H), 3.84 (s, 3H); 13C
NMR (100 MHz, DMSO-d®) § 165.2, 157.8, 154.6, 143.7, 141.5, 134.5, 133.8, 127.7, 123.3, 121.9,
116.2, 107.5, 106.4, 56.2. FT-IR: v (cm™) 3111, 2988, 2902, 2283, 1597, 1576, 1473, 1259. HRMS
[ESI] calcd for C1aH10N30,S™ 284.0488, found 284.0490.

s S

\C[N/%o N, BF,

1m: 291.2 mg, 81%, yellow solid, m.p. 162 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.81 (d,
J =8.0 Hz, 1H), 8.38 (d, J = 3.6 Hz, 1H), 8.06 (dd, J = 8.4, 2.4 Hz, 1H), 7.90 (dd, J = 8.8, 4.8 Hz,
1H), 7.87-7.81 (m, 1H), 7.46-7.39 (m, 1H); *C NMR (100 MHz, DMSO-d®) § 167.5, 160.0 (d, Jc-r
= 241.3 Hz), 154.1, 144.4 (d, Jc.r = 1.8 Hz), 143.7, 134.3 (d, Jc-r = 11.7 Hz), 133.9, 128.0, 124.0 (d,
Jor = 9.4 Hz), 122.4, 115.8 (d, Jcr = 24.5 Hz), 110.0 (d, Jcr = 27.9 Hz), 107.9; 1°F NMR (376
MHz, DMSO-d®) & -115.1 (s), -148.2 (s), -148.2 (s). FT-IR: v (cm™) 3125, 2974, 2901, 2271, 1608,
1475, 1414, 1251. HRMS [ESI] calcd for C13H7FN3OS™ 272.0288, found 272.0289.

Cl s . -
\C[ )—0 Ny BF;
e

1n: 251.6 mg, 67%, yellow solid, m.p. 171 °C (decomp.). *H NMR (400 MHz, DMSO-d®) § 8.82 (d,
J = 8.4 Hz, 1H), 8.44-8.34 (m, 2H), 8.31-8.26 (m, 1H), 7.92-7.82 (m, 2H), 7.58 (dd, J = 8.4, 1.6Hz,
1H); 3C NMR (100 MHz, DMSO-d®) § 168.6, 154.0, 146.5, 143.6, 134.6, 133.9, 130.2, 128.1,
127.9, 123.9, 123.0, 122.6, 107.9. FT-IR: v (cm™) 3111, 3093, 2292, 1593, 1522, 1304. HRMS
[ESI] calcd for C13H7CIN3OS* 287.9993, found 287.9992.

Br. S .
\C[ )—0 N, BF,
e

10: 263.2 mg, 63%, yellow solid, m.p. 200 °C (decomp.). *H NMR (400 MHz, DMSO-d®°) & 8.86-
8.78 (m, 1H), 8.47-8.32 (m, 3H), 7.90-7.78 (m, 2H), 7.71 (dd, J = 8.8, 2.0 Hz, 1H); *C NMR (100
MHz, DMSO-d®) & 168.6, 153.9, 146.8, 143.6, 135.0, 133.9, 130.6, 128.1, 125.8, 124.2, 122.7,
118.1, 108.0. FT-IR: v (cm) 3110, 3091, 2292, 1592, 1521, 1304, 1257. HRMS [ESI] calcd for
C13H7BrN3OS™ 331.9488, found 331.9491.

6. Characterization of products

S.__N

L



3a: 46.8 mg, 71%, white solid, m.p. 148-149 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) & 10.09 (br, 1H),
8.16-8.10 (m, 1H), 7.76-7.70 (m, 1H), 7.54-7.47 (m, 1H), 7.42-7.28 (m, 6H), 7.17-7.10 (m, 2H),
6.99-6.93 (m, 1H), 6.89-6.83(m, 1H), 4.75 (dd, J = 10.4, 2.8 Hz, 1H), 3.94 (dd, J = 14.0, 10.8 Hz,
1H), 3.21 (dd, J = 14.0, 2.8 Hz, 1H); *C NMR (100 MHz, CDCl3) § 175.7, 155.0, 150.8, 142.9,
135.5,131.2, 129.1, 128.2, 127.7, 127.7, 126.9, 126.4, 125.5, 122.6, 121.6, 120.5, 118.8, 53.7, 35.9.
FT-IR: v (cm™) 3059, 3027, 2904, 1600, 1512, 1387, 1235. HRMS [ESI] calcd for C21H1sNOS
[M+H]*332.1104, found 332.1109.

’SJCQ
O OH
F

3b: 51.1 mg, 73%, yellow solid, m.p. 131-132 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 9.91 (br, 1H),
8.14-8.08 (m, 1H), 7.78-7.70 (m, 1H), 7.54-7.48 (m, 1H), 7.40-7.34 (m, 1H), 7.32-7.24 (m, 2H),
7.16-7.00 (m, 4H), 6.93 (dd, J = 8.0, 1.2 Hz, 1H), 6.86-6.81 (m, 1H), 4.74 (dd, J = 10.4, 3.2 Hz, 1H),
3.86 (dd, J = 14.0, 10.4 Hz, 1H), 3.19 (dd, J = 14.0, 3.2 Hz, 1H); **C NMR (100 MHz, CDCls) §
175.4, 162.2 (d, Jc-r = 245.2 Hz), 155.0, 150.9, 138.5 (d, Jcr = 3.3 Hz), 135.4, 131.3, 129.4 (d, Jcr
= 8.1 Hz), 128.3, 126.5, 126.4, 125.6, 122.6, 121.7, 120.5, 118.7, 116.0 (d, Jcr = 21.4 Hz), 52.6,
36.0; F NMR (376 MHz, CDCls3) § -114.4 (s). FT-IR: v (cm™) 3069, 3088, 2918, 2855, 1679, 1509,
1440. HRMS [ESI] calcd for C21HisFNOSNa [M+Na]* 372.0829, found 372.0824.

WO
cl OH

3c: 54.7 mg, 75%, yellow solid, m.p. 113-114 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). 'H NMR (400 MHz, CDCls) § 9.87 (br, 1H), 8.11
(d, J =8.4 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.54-7.46 (m, 1H), 7.40-7.30 (m, 3H), 7.28-7.22 (m,
2H), 7.14-7.05 (m, 2H), 6.96-6.90 (m, 1H), 6.87-6.80 (m, 1H), 4.76 (dd, J = 10.0, 3.2 Hz, 1H), 3.86
(dd, J = 14.0, 10.4 Hz, 1H), 3.20 (dd, J = 14.0, 3.2 Hz, 1H); **C NMR (100 MHz, CDCls3) & 175.1,
155.0, 151.0, 141.1, 135.4, 133.6, 131.3, 129.2, 128.4, 126.5, 126.3, 125.7, 122.6, 121.7, 120.5,
118.5, 52.6, 36.0. FT-IR: v (cm™) 3675, 2970, 2862, 1581, 1511, 1338. HRMS [ESI] calcd for
C21H17CINOS [M+H]* 366.0714, found 366.0708.

/‘SIN/"
SR
Br ©

3d: 45.7 mg, 56%, yellow solid, m.p. 142-143 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 9.84 (br, 1H), 8.11
(d, J =8.4 Hz, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.54-7.46 (m, 3H), 7.41-7.34 (m, 1H), 7.22-7.16 (m,
2H), 7.14-7.05 (m, 2H), 6.95 (d, J = 8.0 Hz, 1H), 6.87-6.80 (m, 1H), 4.75 (dd, J = 10.4, 3.2 Hz, 1H),
3.86 (dd, J = 14.0, 10.4 Hz, 1H), 3.19 (dd, J = 14.0, 3.2 Hz, 1H); C NMR (100 MHz, CDCls) &
174.9, 155.0, 150.9, 141.6, 135.4, 132.2, 131.2, 129.6, 128.4, 126.5, 126.3, 125.7, 122.7, 121.7,
121.7, 120.6, 118.6, 52.8, 35.9. FT-IR: v (cm™) 3067, 2922, 2731, 1596, 1514, 1455, 1376. HRMS
[ESI] calcd for C21H17BrNOS [M+H]* 410.0209, found 410.0212.



=

S N l
L
NC

3e: 65.2 mg, 92%, yellow oil. Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz, CDCl3) § 9.50 (br, 1H), 8.11 (d, J = 8.4 Hz, 1H),
7.77 (d, J = 7.6 Hz, 1H), 7.66-7.60 (m, 2H), 7.55-7.49 (m, 1H), 7.45-7.37 (m, 3H), 7.14-7.08 (m,
1H), 7.06-7.02 (m, 1H), 6.90 (dd, J = 8.0, 1.2 Hz, 1H), 6.84-6.79 (m, 1H), 4.86 (dd, J = 10.0, 4.0 Hz,
1H), 3.86 (dd, J = 14.4, 10.4 Hz, 1H), 3.23 (dd, J = 14.0, 3.6 Hz, 1H); *C NMR (100 MHz, CDCls)
0 173.6, 154.9, 151.0, 147.4, 135.3, 132.9, 131.2, 128.8, 128.5, 126.7, 125.9, 125.6, 122.8, 121.7,
120.6, 118.5, 118.4, 111.6, 52.7, 35.9. FT-IR: v (cm™) 3065, 2925, 2852, 2228, 1606, 1503, 1456.
HRMS [ESI] calcd for C22H16N2OSNa [M+Na]* 379.0876, found 379.0878.

’SJ@’O
S
O,N

3f: 23.2 mg, 31%, yellow solid, m.p. 144-145 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/10). *H NMR (400 MHz, CDCl3) § 9.39 (br, 1H),
8.24-8.18 (m, 2H), 8.13 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 7.57-7.51 (m, 1H), 7.51-7.45
(m, 2H), 7.43-7.37 (m, 1H), 7.14-7.08 (m, 1H), 7.06-7.02 (m, 1H), 6.94-6.88 (m, 1H), 6.85-6.79 (m,
1H), 4.88 (dd, J = 10.4, 3.6 Hz, 1H), 3.89 (dd, J = 14.0, 10.4 Hz, 1H), 3.22 (dd, J = 14.0, 3.6 Hz,
1H); 3C NMR (100 MHz, CDCl3) § 173.2, 154.9, 151.1, 149.3, 147.4, 135.3, 131.2, 128.9, 128.6,
126.7,125.9, 125.5, 124.3, 122.8, 121.7, 120.7, 118.6, 52.7, 35.8. FT-IR: v (cm™) 3312, 2923, 2853,
1703, 1622, 1595, 1375. HRMS [ESI] calcd for C1HisN2O3SNa [M+Na]® 399.0774, found
399.0776.

. o
Y

30: 69.3 mg, 89%, yellow oil. Purification by flash column chromatography on silica gel (eluent:
EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz, CDCls) § 9.93 (br, 1H), 8.13-8.08 (m, 1H),
7.76-7.70 (m, 1H), 7.52-7.46 (m, 1H), 7.39-7.31 (m, 3H), 7.14-7.06 (m, 4H), 6.95-6.90 (m, 1H),
6.87-6.81 (m, 1H), 4.76 (dd, J = 10.4, 3.2 Hz, 1H), 3.89 (dd, J = 14.0, 10.4 Hz, 1H), 3.20 (dd, J =
14.0, 3.2 Hz, 1H), 2.31 (s, 3H); *C NMR (100 MHz, CDCl3) & 175.4, 169.4, 155.0, 150.9, 150.1,
140.2, 135.5, 131.2, 128.9, 128.3, 126.6, 126.5, 125.6, 122.6, 122.2, 121.7, 120.6, 118.6, 52.8, 36.0,
21.2. FT-IR: v (cm™) 3065, 2932, 1756, 1594, 1504, 1439, 1314. HRMS [ESI] calcd for
C23H19NOsSNa [M+Na]* 412.0978, found 412.0972.

,SLN’O
L
CF

3h: 45.3 mg, 57%, yellow solid, m.p. 85-86 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). 'H NMR (400 MHz, CDCls) § 9.75 (br, 1H),
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8.15-8.10 (m, 1H), 7.78-7.72 (m, 1H), 7.66-7.58 (m, 2H), 7.55-7.49 (m, 1H), 7.48-7.42 (m, 2H),
7.41-7.35 (m, 1H), 7.14-7.06 (m, 2H), 6.95 (dd, J = 8.0, 1.2 Hz, 1H), 6.87-6.81 (m, 1H), 4.85 (dd, J
= 10.4, 3.2 Hz, 1H), 3.91 (dd, J = 14.4, 10.8 Hz, 1H), 3.20 (dd, J = 14.4, 3.6 Hz, 1H): 3C NMR
(100 MHz, CDCl3) & 174.3, 155.0, 151.0, 146.4 (q, Jer = 0.9 Hz), 135.4, 131.2, 130.0 (q, Jcr =
32.5 Hz), 128.4, 128.2, 126.6, 126.1 (q, Jcr = 3.6 Hz), 125.8, 124.0 (q, Jor = 270.3 Hz), 122.7,
121.7, 120.6, 118.6, 53.0, 35.9; 1°F NMR (376 MHz, CDCl3) § -62.5 (s). FT-IR: v (cm®) 3062, 2927,
2849, 2734, 1617, 1414, 1385. HRMS [ESI] calcd for C22H17FsNOS [M+H]* 400.0977, found
400.0976.

’SJCQO
O OH
CF40

3i: 44.1 mg, 53%, yellow solid, m.p. 88-89 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 9.78 (br, 1H), 8.12
(d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.55-7.48 (m, 1H), 7.41-7.32 (m, 3H), 7.24-7.18 (m,
2H), 7.14-7.06 (m, 2H), 6.92 (dd, J = 8.0, 1.2 Hz, 1H), 6.87-6.80 (m, 1H), 4.78 (dd, J = 10.4, 3.2 Hz,
1H), 3.88 (dd, J = 14.0, 10.4 Hz, 1H), 3.20 (dd, J = 14.0, 3.2 Hz, 1H); 3C NMR (100 MHz, CDCls)
o 174.8, 155.0, 151.0, 148.6 (q, Jcr = 1.4 Hz), 141.3, 135.4, 131.2, 129.3, 128.4, 126.5, 126.2,
125.7,122.7,121.7, 121.5, 120.6, 120.5 (g, Jc-r = 255.7 Hz), 118.6, 52.6, 36.0; °F NMR (376 MHz,
CDCls3) 6 -57.8 (s). FT-IR: v (cm™) 3312, 2921, 2851, 1561, 1508, 1457, 1254. HRMS [ESI] calcd
for C22H17FsNO2S [M+H]* 416.0927, found 416.0930.

S __N

7L
Ph

3j: 29.2 mg, 36%, yellow solid, m.p. 98-99 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 10.03 (br, 1H),
8.15-8.10 (m, 1H), 7.76-7.72 (m, 1H), 7.63-7.56 (m, 4H), 7.54-7.48 (m, 1H), 7.48-7.42 (m, 2H),
7.41-7.33 (m, 4H), 7.18-7.08 (m, 2H), 6.95 (dd, J = 8.0, 0.8 Hz, 1H), 6.89-6.83 (m, 1H), 4.76 (dd, J
= 10.8, 2.8 Hz, 1H), 3.96 (dd, J = 14.4, 10.8 Hz, 1H), 3.21 (dd, J = 14.0, 2.8 Hz, 1H); *C NMR
(100 MHz, CDCl3) & 175.6, 155.0, 150.9, 141.9, 140.7, 140.5, 135.6, 131.3, 128.8, 128.3, 128.2,
127.8, 127.5, 127.1, 126.8, 126.4, 125.6, 122.6, 121.6, 120.6, 118.8, 53.4, 35.9. FT-IR: v (cm™)
3074, 2923, 2839, 1606, 1581, 1515, 1485. HRMS [ESI] calcd for C27H21NOSNa [M+Na]*
430.1236, found 430.1237.

S.__N

J L

3k: 35.8 mg, 52%, yellow solid, m.p. 141-142 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 10.08 (br, 1H),
8.10 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 7.54-7.46 (m, 1H), 7.40-7.34 (m, 1H), 7.24-7.16
(m, 4H), 7.16-7.08 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.88-6.82 (m, 1H), 4.68 (dd, J = 10.4, 2.8 Hz,
1H), 3.92 (dd, J = 14.4, 10.8 Hz, 1H), 3.15 (dd, J = 14.4, 2.8 Hz, 1H), 2.36 (s, 3H); 1*C NMR (100
MHz, CDCl3) 6 176.1, 155.1, 150.9, 140.1, 137.5, 135.6, 131.2, 129.8, 128.2, 127.6, 127.0, 126.4,

11



125.5, 122.5, 121.6, 120.5, 118.8, 53.4, 35.9, 21.1. FT-IR: v (cm™) 3567, 2922, 2849, 1695, 1578,
1440, 1260. HRMS [ESI] calcd for C22H1oNOSNa [M+Na]* 368.1080, found 368.1086.

S __N
7k

3l: 47.9 mg, 62%, yellow solid, m.p. 98-99 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) 10.08 (br, 1H), 8.14-
8.08 (m, 1H), 7.75-7.69 (m, 1H), 7.53-7.46 (m, 1H), 7.42-7.32 (m, 3H), 7.29-7.24 (m, 2H), 7.16 (dd,
J=17.6, 1.6Hz, 1H), 7.14-7.08 (m, 1H), 6.94 (dd, J = 8.0, 1.2 Hz, 1H), 6.88-6.83(m, 1H), 4.69 (dd, J
=10.8, 2.8 Hz, 1H), 3.95 (dd, J = 14.0, 10.8 Hz, 1H), 3.15 (dd, J = 14.0, 2.8 Hz, 1H), 1.33 (s, 9H);
13C NMR (100 MHz, CDCls) § 176.0, 155.0, 150.9, 150.7, 139.9, 135.5, 131.2, 128.2, 127.3, 127.1,
126.4, 126.0, 125.5, 122.5, 121.6, 120.5, 118.8, 53.3, 35.9, 34.6, 31.3. FT-IR: v (cm™) 3629, 3055,
2962, 2865, 1669, 1580, 1439. HRMS [ESI] calcd for CasH2sNOSNa [M+Na]™ 410.1549, found
410.1545.

%;g "

3m: 28.5 mg, 31%, yellow solid, m.p. 202-203 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) 10.04 (br, 1H), 8.14-
8.08 (m, 1H), 7.85-7.79 (m, 2H), 7.75-7.69 (m, 1H), 7.54-7.46 (m, 1H), 7.39-7.30 (m, 3H), 7.16-
7.08 (m, 2H), 6.96-6.91 (m, 1H), 6.88-6.81 (m, 1H), 4.72 (dd, J = 10.4, 2.8 Hz, 1H), 3.95 (dd, J =
14.0, 10.4 Hz, 1H), 3.15 (dd, J = 14.0, 2.8 Hz, 1H), 1.35 (s, 12H); *C NMR (100 MHz, CDCl3) &
175.4, 155.0, 150.8, 145.8, 135.6, 135.6, 131.2, 128.2, 127.2, 126.8, 126.4, 125.5, 122.6, 121.6,
120.6, 118.8, 83.9, 53.9, 35.7, 24.9, 24.8; B NMR (128 MHz, CDCl3)  -13.2 (br). FT-IR: v (cm™)
3066, 2957, 2853, 1684, 1608, 1507, 1487, 1440. HRMS [ESI] calcd for C27H2sBNO3SNa [M+Na]*
480.1775, found 480.1790.

oy

3n: 46.7 mg, 60%, yellow solid, m.p. 161-162 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/7). *H NMR (400 MHz, CDCls) § 9.87 (br, 1H), 8.14-
8.08 (m, 1H), 7.78-7.70 (m, 1H), 7.54-7.46 (m, 1H), 7.42-7.32 (m, 2H), 7.23-7.17 (m, 1H), 7.15-
7.03 (m, 4H), 6.95-6.90 (m, 1H), 6.88-6.80 (m, 1H), 4.76 (dd, J = 10.4, 2.8 Hz, 1H), 3.90 (dd, J =
14.0, 10.4 Hz, 1H), 3.22 (dd, J = 14.4, 3.2 Hz, 1H), 2.29 (s, 3H); *C NMR (100 MHz, CDCls) §
175.0, 169.3, 155.0, 151.1, 151.0, 144.2, 135.5, 131.2, 130.0, 128.3, 126.5, 125.6, 125.3, 122.6,
121.7, 121.0, 120.6, 118.6, 53.1, 35.9, 21.2. FT-IR: v (cm™) 3629, 3066, 2922, 2854, 1698, 1606,
1418, 1343. HRMS [ESI] calcd for C23H19NO3SNa [M+Na]* 412.0978, found 412.0972.
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F
D

30: 36.7 mg, 53%, yellow solid, m.p. 146-147 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15).*H NMR (400 MHz, CDCls) § 9.82 (br, 1H), 8.14-
8.09 (m, 1H), 7.78-7.72 (m, 1H), 7.55-7.48 (m, 1H), 7.41-7.35 (m, 1H), 7.35-7.29 (m, 1H), 7.15-
7.06 (m, 3H), 7.06-6.96 (m, 2H), 6.95-6.90 (m, 1H), 6.88-6.81 (m, 1H), 4.74 (dd, J = 10.8, 2.8 Hz,
1H), 3.90 (dd, J = 14.0, 10.8 Hz, 1H), 3.18 (dd, J = 14.0, 2.8 Hz, 1H); *C NMR (100 MHz, CDCls)
0 174.7,163.1 (d, Jcr = 246.1 Hz), 155.0, 150.9, 145.0 (d, Jcr = 7.1 Hz), 135.4, 131.2, 130.6 (d, Jc-
F=8.2Hz), 128.4, 126.5, 126.4, 125.7, 123.5 (d, Jc.r = 2.8 Hz), 122.7, 121.7, 120.6, 118.7, 114.9 (d,
Jor=12.9 Hz), 114.7 (d, Jcr = 12.3 Hz), 53.1, 35.8; F NMR (376 MHz, CDCls) § -111.7 (s). FT-
IR: v (cm™) 3567, 3062, 2958, 2923, 1734, 1579, 1438. HRMS [ESI] calcd for C21H16FNOSNa
[M+Na]* 372.0829, found 372.0833.

O
o SN l
J 5

3p: 57.6 mg, 74%, yellow solid, m.p. 135-136 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/7). *H NMR (400 MHz, CDCls) § 10.16 (br, 1H),
8.14-8.08 (m, 1H), 7.76-7.70 (m, 1H), 7.54-7.47 (m, 1H), 7.40-7.32 (m, 2H), 7.24-7.15 (m, 3H),
7.15-7.06 (m, 2H), 6.98-6.92 (m, 1H), 6.89-6.82 (m, 1H), 4.84 (dd, J = 10.4, 2.4 Hz, 1H), 3.91 (dd,
J=14.0,10.4 Hz, 1H), 3.11 (dd, J = 14.4, 2.4 Hz, 1H), 2.37 (s, 3H); *C NMR (100 MHz, CDCls3) &
175.0, 169.3, 155.1, 150.6, 147.7, 135.6, 134.7, 131.1, 129.4, 128.9, 128.4, 126.8, 126.8, 126.5,
125.7, 123.1, 122.4, 121.7, 120.6, 118.8, 47.6, 34.6, 21.0. FT-IR: v (cm™) 3629, 3063, 2933, 2847,
1760, 1653, 1560, 1455. HRMS [ESI] calcd for C23H1sNO3SNa [M+Na]* 412.0978, found 412.0984.

FS/N

L

30: 46.9 mg, 67%, yellow solid, m.p. 124-125 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDClIs) § 10.02 (br, 1H),
8.16-8.11 (m, 1H), 7.78-7.72 (m, 1H), 7.55-7.48 (m, 1H), 7.41-7.34 (m, 1H), 7.34-7.27 (m, 1H),
7.22-7.06 (m, 5H), 6.96 (dd, J = 8.0, 0.8 Hz, 1H), 6.90-6.83 (m, 1H), 5.14 (dd, J = 10.8, 3.2 Hz, 1H),
3.93 (dd, J = 14.0, 10.4 Hz, 1H), 3.19 (dd, J = 14.4, 2.8 Hz, 1H); **C NMR (100 MHz, CDCls) §
174.5, 159.8 (d, Jcr = 245.1 Hz), 155.0, 150.8, 135.5, 131.3, 129.7 (d, Jcr = 14.4 Hz), 129.4 (d, Jc-
F= 3.7 Hz), 129.4, 128.3, 126.6, 126.5, 125.7, 124.7 (d, Jc-r = 3.6 Hz), 122.6, 121.7, 120.6, 118.7,
115.9 (d, Jcr = 21.8 Hz), 45.8 (d, Jo-r = 2.6 Hz), 34.6; °F NMR (376 MHz, CDCl3) & -118.4 (5).
FT-IR: v (cm™) 3065, 2921, 2852, 1647, 1609, 1486, 1391. HRMS [ESI] calcd for C21H16FNOSNa
[M+Na]* 372.0829, found 372.0830.

S __N

SO
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3r: 30.3 mg, 40%, yellow solid, m.p. 72-73 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCIs) § 10.12 (br, 1H),
8.18-8.12 (m, 1H), 7.88-7.78 (m, 4H), 7.76-7.68 (m, 1H), 7.56-7.46 (m, 3H), 7.44-7.32 (m, 2H),
7.20-7.08 (m, 2H), 6.96 (dd, J = 8.0, 1.2 Hz, 1H), 6.88-6.83(m, 1H), 4.88 (dd, J = 10.8, 2.8 Hz, 1H),
4.03 (dd, J = 14.0, 10.4 Hz, 1H), 3.24 (dd, J = 14.0, 2.8 Hz, 1H); 3C NMR (100 MHz, CDCls) §
175.7, 155.1, 151.0, 140.3, 135.6, 133.6, 132.8, 131.3, 129.0, 128.3, 127.9, 127.8, 126.8, 126.6,
126.5, 126.4, 126.3, 125.6, 125.6, 122.6, 121.6, 120.6, 118.8, 53.9, 35.9. FT-IR: v (cm™) 3056, 2923,
2850, 1559, 1507, 1438, 1315. HRMS [ESI] calcd for CasH2oNOS [M+H]" 382.1260, found
382.1252.

=

1O
O O OH
3s (d.r.> 19:1): 56.7 mg, 70%, yellow solid, m.p. 177-178°C. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/10). *H NMR (400 MHz, CDCls)
5 8.72 (br, 1H), 8.06-8.00 (m, 1H), 7.70-7.64 (m, 1H), 7.49-7.40 (m, 3H), 7.35-7.27 (m, 4H), 7.22-
7.10 (m, 4H), 7.10-7.06 (m, 1H), 7.06-6.99 (m, 1H), 6.98-6.90 (m, 1H), 6.84 (dd, J = 8.0, 1.2 Hz,
1H), 6.81-6.74 (m, 1H), 5.76 (d, J = 12.4 Hz, 1H), 5.30 (d, J = 12.0 Hz, 1H); *C NMR (100 MHz,
CDCIs) 6 174.8, 153.4, 151.6, 141.7, 140.5, 134.9, 131.5, 128.9, 128.7, 128.7, 128.4, 128.2, 127.6,

127.2,126.3, 126.2, 125.2, 122.6, 121.5, 121.4, 119.1, 55.6, 46.5. FT-IR: v (cm'%) 3681, 3062, 2981,
2934, 1666, 1594, 1525. HRMS [ESI] calcd for Ca7H22NOS [M+H]* 408.1417, found 408.1415.

=

3t: 21.7 mg, 32%, yellow solid, m.p. 104-105 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/20). *H NMR (400 MHz, CDCls) § 9.54 (br, 1H),
8.05-7.99 (m, 1H), 7.83-7.78 (m, 1H), 7.50-7.44 (m, 1H), 7.39-7.33 (m, 1H), 7.13-7.09 (m, 1H),
7.07-7.01 (m, 1H), 6.85-6.77 (m, 2H), 3.62-3.52 (m, 1H), 3.52-3.42 (m, 1H), 2.96 (dd, J = 13.6, 3.2
Hz, 1H), 2.00-1.85 (m, 2H), 1.55-1.24 (m, 8H), 0.88 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz,
CDCl3) 6 177.6, 155.0, 151.3, 134.7, 130.8, 127.9, 127.2, 126.2, 125.2, 122.3, 121.6, 120.3, 118.0,
47.0, 38.0, 33.5, 31.6, 29.3, 26.7, 22.6, 14.0. FT-IR: v (cm™) 3069, 2920, 2853, 1606, 1562, 1456,
1440. HRMS [ESI] calcd for C21H26NOS [M+H]* 340.1730, found 340.1731.

O OH
N7 s !

3u: 18.7 mg, 26%, yellow solid, m.p. 142-143 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). 'H NMR (400 MHz, CDClz) § 9.20 (br, 1H),
8.08-8.01 (m, 1H), 7.86-7.78 (m, 1H), 7.54-7.44 (m, 1H), 7.42-7.34 (m, 1H), 7.34-7.26 (m, 2H),
7.25-7.16 (m, 3H), 7.14-7.02 (m, 2H), 6.90-6.72 (m, 2H), 3.66-3.50 (m, 2H), 3.04 (dd, J = 12.8, 2.4
Hz, 1H), 2.88-2.70 (m, 2H), 2.36-2.18 (m, 2H); *C NMR (100 MHz, CDCls) § 177.0, 154.9, 151.3,
141.1, 134.7, 130.9, 128.6, 128.4, 128.0, 126.9, 126.4, 126.2, 125.3, 122.4, 121.6, 120.4, 118.1, 46.3,
39.5, 33.3, 32.8. FT-IR: v (cm™) 3067, 2922, 2852, 1698, 1670, 1636, 1559. HRMS [ESI] calcd for
C23H2:NOSNa [M+Na]* 382.1236, found 382.1243.
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OH

Ncm
9

N

3v: 11.8 mg, 20%, yellow solid, m.p. 133-134 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz, CDCls) & 8.08-8.03 (m, 1H),
7.88-7.82 (m, 1H), 7.55-7.49 (m, 1H), 7.45-7.39 (m, 1H), 7.20-7.08 (m, 2H), 6.90-6.80 (m, 2H),
4.00-3.90 (m, 1H), 3.54 (dd, J = 14.0, 8.8 Hz, 1H), 3.21 (dd, J = 14.0, 5.6 Hz, 1H), 3.00-2.86 (m,
2H); 1*C NMR (100 MHz, CDCls) § 171.6, 154.5, 151.7, 134.7, 131.3, 128.8, 126.7, 125.8, 124.2,
122.9, 121.8, 120.9, 117.5, 117.4, 42.1, 34.1, 24.1. FT-IR: v (cm™) 3643, 2922, 2850, 1684, 1616,
1587, 1490. HRMS [ESI] calcd for C17H14N2OSNa [M+Na]* 317.0719, found 317.0707.

H

S __N o

g o, LA
L)
o

3w: 69.7 mg, 60%, yellow solid, m.p. 56-57 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/5). *H NMR (400 MHz, CDCls) § 9.80 (br, 1H), 8.12
(d, J = 8.0 Hz, 1H), 7.80-7.70 (m, 5H), 7.55-7.48 (m, 1H), 7.46-7.35 (m, 3H), 7.14-7.06 (m, 2H),
6.96-6.90 (m, 1H), 6.90-6.80 (m, 3H), 5.14-5.02 (m, 1H), 4.85 (dd, J = 10.4, 3.2 Hz, 1H), 3.93 (dd,
J =14.0, 10.8 Hz, 1H), 3.22 (dd, J = 14.0, 3.2 Hz, 1H), 1.67 (s, 6H), 1.20 (d, J = 6.0 Hz, 6H); °C
NMR (100 MHz, CDCI3) 6 194.9, 174.5, 173.2, 159.7, 155.0, 151.0, 146.5, 137.5, 135.4, 132.1,
131.2, 130.6, 130.4, 128.4, 127.7, 126.5, 126.3, 125.7, 122.7, 121.7, 120.6, 118.6, 117.2, 79.4, 69.4,

53.2, 35.8, 25.4, 25.4, 21.5. FT-IR: v (cm™) 3063, 2982, 2936, 1772, 1648, 1541, 1466. HRMS
[ESI] calcd for C3sH33sNOsSNa [M+Na]* 602.1972, found 602.1963.

3x (d.r. = 1:1): 30.1 mg, 30%, yellow solid, m.p. 109-110 °C. Purification by flash column
chromatography on silica gel (eluent: EtOAc/Petroleum ether = 1/7).'H NMR (400 MHz, CDCls) §
10.07 (br, 1H, two isomers), 8.14-8.08 (m, 1H, two isomers), 7.76-7.69 (m, 1H, two isomers), 7.54-
7.46 (m, 1H, two isomers), 7.40-7.32 (m, 1H, two isomers), 7.31-7.26 (m, 1H, two isomers), 7.20-
7.14 (m, 1H, two isomers), 7.14-7.07 (m, 2H, two isomers), 7.07-7.02 (m, 1H, two isomers), 6.96-
6.90 (m, 1H, two isomers), 6.89-6.82(m, 1H, two isomers), 4.68-4.60 (m, 1H, two isomers), 3.98-
3.87 (m, 1H, two isomers), 3.18-3.06 (m, 1H, two isomers), 2.98-2.82 (m, 2H, two isomers), 2.58-
2.46 (m, 1H, two isomers), 2.46-2.38 (m, 1H, two isomers), 2.36-2.26 (m, 1H, two isomers), 2.25-
1.94 (m, 4H, two isomers), 1.74-1.36 (m, 6H, two isomers), 0.92 (s, 3H, two isomers); *C NMR
(100 MHz, CDCl3) 6 220.8 (overlap, two isomers), 175.9 & 175.9 (two isomers), 155.0 (overlap,
two isomers), 150.9 (overlap, two isomers), 140.5 & 140.5 (two isomers), 139.3 (overlap, two
isomers), 137.4 & 137.4 (two isomers), 135.5 (overlap, two isomers), 131.1 (overlap, two isomers),
128.2 (overlap, two isomers), 128.2 & 128.1 (two isomers), 127.2 & 127.1 (two isomers), 126.4
(overlap, two isomers), 126.1 & 126.1 (two isomers), 125.5 (overlap, two isomers), 125.0 & 125.0
(two isomers), 122.5 (overlap, two isomers), 121.6 (overlap, two isomers), 120.6 (overlap, two
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isomers), 118.8 (overlap, two isomers), 53.4 & 53.4 (two isomers), 50.5 (overlap, two isomers), 48.0
(overlap, two isomers), 44.3 (overlap, two isomers), 38.0 (overlap, two isomers), 35.9 (overlap, two
isomers), 31.6 (overlap, two isomers), 29.4 & 29.4 (two isomers), 26.4 (overlap, two isomers), 25.7
(overlap, two isomers), 21.6 (overlap, two isomers), 13.9 (overlap, two isomers). FT-IR: v (cm™)
3085, 2927, 2856, 1734, 1637, 1541. HRMS [ESI] calcd for C33sH3sNO>S [M+H]* 508.2305, found
508.2314.

S__N O F
7L

4a: 42.8 mg, 61%, yellow solid, m.p. 59-60 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCl3) & 10.52 (br, 1H),
8.14-8.08 (m, 1H), 7.78-7.72 (m, 1H), 7.55-7.48 (m, 1H), 7.42-7.34 (m, 3H), 7.34-7.27 (m, 3H),
7.00 (dd, J = 8.4, 6.8 Hz, 1H), 6.64 (dd, J = 10.4, 2.8 Hz, 1H), 6.57-6.51 (m, 1H), 4.75-4.68 (m, 1H),
3.81 (dd, J = 14.0, 10.4 Hz, 1H), 3.20 (dd, J = 14.4, 2.8 Hz, 1H); **C NMR (100 MHz, CDCls) §
175.9, 162.6 (d, Jc-r = 242.6 Hz), 156.5, 156.4, 150.7, 142.5, 135.5, 132.0 (d, Jc.r= 39.2 Hz), 129.1,
127.9, 127.8, 126.5, 125.7, 122.4, 121.7, 107.3 (d, Jc-r = 21.3 Hz), 105.8 (d, Jc-r = 22.8 Hz), 53.4,
35.4; °F NMR (376 MHz, CDCl3)  -114.4 (s). FT-IR: v (cm™) 3671, 2979, 2933, 1609, 1515, 1498,
1456. HRMS [ESI] calcd for C21H17FNOS [M+H]* 350.1009, found 350.1007.

S.__N Cl
EH

4b: 46.6 mg, 64%, yellow solid, m.p. 171-172 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCl3) & 8.12-8.06 (m, 1H),
7.76-7.71 (m, 1H), 7.56-7.48 (m, 1H), 7.42-7.30 (m, 4H), 7.30-7.26 (m, 2H), 7.00-6.96 (m, 1H),
6.94 (d, J = 2.0 Hz, 1H), 6.80 (dd, J = 8.0, 2.0 Hz, 1H), 4.68 (dd, J = 10.8, 2.8 Hz, 1H), 3.82 (dd, J =
14.0, 10.4 Hz, 1H), 3.17 (dd, J = 14.4, 2.8 Hz, 1H); C NMR (100 MHz, CDCls) & 175.8, 156.0,
150.7, 142.4, 135.5, 133.2, 132.1, 129.2, 127.9, 127.9, 126.6, 125.7, 125.3, 122.5, 121.7, 120.6,
119.0, 53.3, 35.5. FT-IR: v (cm™) 3060, 2923, 2850, 2590, 1688, 1496, 1437. HRMS [ESI] calcd for
C21H17CINOS [M+H]* 366.0714, found 366.0706.

S__N O Br

DR

4c: 51.7 mg, 63%, yellow solid, m.p. 144-145 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCl3) & 8.12-8.06 (m, 1H),
7.78-7.70 (m, 1H), 7.55-7.48 (m, 1H), 7.42-7.31 (m, 4H), 7.31-7.25 (m, 2H), 7.10 (d, J = 1.6 Hz,
1H), 6.98-6.89 (m, 2H), 4.68 (dd, J = 10.4, 2.8 Hz, 1H), 3.81 (dd, J = 14.4, 10.4 Hz, 1H), 3.15 (dd, J
= 14.4, 2.8 Hz, 1H); °C NMR (100 MHz, CDCls) § 175.7, 156.2, 150.6, 142.4, 135.5, 132.4, 129.2,
127.9, 127.8, 126.6, 125.8, 125.7, 123.5, 122.5, 122.0, 121.7, 121.1, 53.3, 35.5. FT-IR: v (cm™)
3062, 2927, 2857, 2605, 1589, 1497, 1436, 1416. HRMS [ESI] calcd for C21H17BrNOS [M+H]*
410.0209, found 410.0199.
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4d: 49.6 mg, 72%, yellow solid, m.p. 131-132 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) & 9.86 (br, 1H),
8.04-7.98 (m, 1H), 7.66-7.58 (m, 1H), 7.44-7.36 (m, 1H), 7.32-7.18 (m, 6H), 6.96-6.90 (m, 1H),
6.70-6.66 (m, 1H), 6.61-6.55 (m, 1H), 4.60 (dd, J = 10.8, 3.2 Hz, 1H), 3.79 (dd, J = 14.0, 10.8 Hz,
1H), 3.04 (dd, J = 14.0, 2.8 Hz, 1H), 2.15 (s, 3H); 3C NMR (100 MHz, CDCls) & 175.8, 154.8,
150.9, 143.0, 138.2, 135.6, 131.0, 129.1, 127.8, 127.8, 126.4, 125.5, 123.8, 122.6, 121.6, 121.4,
119.3, 53.8, 35.6, 21.1. FT-IR: v (cm™) 3075, 3027, 2915, 1581, 1561, 1486, 1421. HRMS [ESI]
calcd for C22H19NOSNa [M+Na]* 368.1080, found 368.1077.

4e: 55.7 mg, 72%, yellow solid, m.p. 68-69 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) 8.15-8.09 (m, 1H),
7.76-7.70 (m, 1H), 7.53-7.46 (m, 1H), 7.42-7.28 (m, 6H), 7.15 (dd, J = 8.4, 2.4 Hz, 1H), 7.04-6.98
(m, 1H), 6.93-6.87 (m, 1H), 4.79 (dd, J = 10.0, 3.2 Hz, 1H), 3.85 (dd, J = 14.0, 10.0 Hz, 1H), 3.30
(dd, J = 14.0, 3.2 Hz, 1H), 1.25 (s, 9H); 13C NMR (100 MHz, CDCl3) § 175.9, 152.7, 150.9, 143.0,
142.7, 135.5, 129.0, 128.2, 128.1, 127.7, 126.4, 125.6, 125.5, 125.2, 122.6, 121.6, 118.0, 53.4, 36.1,
34.0, 31.6. FT-IR: v (cm™) 3613, 2964, 2902, 1601, 1502, 1454, 1439. HRMS [ESI] calcd for
C2sH2sNOSNa [M+Na]*410.1549, found 410.1542.

4f. 37.7 mg, 52 %, yellow solid, m.p. 141-142 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCl3) & 8.14-8.08 (m, 1H),
7.78-7.70 (m, 1H), 7.55-7.48 (m, 1H), 7.42-7.28 (m, 6H), 7.12-7.08 (m, 1H), 7.06 (dd, J = 8.4, 2.4
Hz, 1H), 6.90-6.84 (m, 1H), 4.71 (dd, J = 10.8, 2.8 Hz, 1H), 3.87 (dd, J = 14.4, 10.8 Hz, 1H), 3.14
(dd, J = 14.4, 2.8 Hz, 1H); *C NMR (100 MHz, CDCls) & 175.6, 153.8, 150.7, 142.5, 135.5, 130.7,
129.2,128.5,128.1, 127.9, 127.7, 126.5, 125.7, 125.0, 122.5, 121.7, 120.2, 53.4, 35.7. FT-IR: v (cm’
1y 3061, 2730, 2657, 1514, 1461, 1440, 1240. HRMS [ESI] calcd for C2:H16CINOSNa [M+Na]*
388.0533, found 388.0524.

4g: 44.1 mg, 55%, yellow solid, m.p. 58-59 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDClI3) & 8.14-8.08 (m, 1H),
7.78-7.72 (m, 1H), 7.56-7.48 (m, 1H), 7.42-7.32 (m, 5H), 7.32-7.27 (m, 3H), 7.02-6.96 (m, 1H),
4.77 (dd, J = 10.4, 2.8 Hz, 1H), 3.87 (dd, J = 14.4, 10.4 Hz, 1H), 3.28 (dd, J = 14.4, 2.8 Hz, 1H); *C
NMR (100 MHz, CDCls) 6 175.8, 158.3, 150.5, 142.2, 135.5, 129.2, 128.6 (q, Jc-r = 3.6 Hz), 128.0,
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127.8, 126.8, 126.6, 125.8, 125.5 (q, Jc.r = 3.6 Hz), 124.5 (4, Jor = 269.5 Hz), 122.4, 122.4 (g, Jcr
=32.1 Hz), 121.7, 119.0, 53.1, 35.8; °F NMR (376 MHz, CDCls) & -61.3 (s). FT-IR: v (cm™) 3063,
2927, 2849, 2621, 1871, 1616, 1438, 1386. HRMS [ESI] calcd for CzHisFsNOSNa [M+Na]*
422.0797, found 422.0791.

S N l
%

4h: 46.1 mg, 67%, yellow solid, m.p. 189-190 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/20). *H NMR (400 MHz, CDCls) § 10.34 (br, 1H),
8.18-8.11 (m, 1H), 7.75-7.68 (m, 1H), 7.54-7.48 (m, 1H), 7.44-7.30 (m, 6H), 7.09-7.02 (m, 1H),
6.90-6.84 (m, 1H), 6.82-6.76 (m, 1H), 4.69 (dd, J = 10.8, 2.4 Hz, 1H), 4.09 (dd, J = 14.8, 11.2 Hz,
1H), 3.13 (dd, J = 14.4, 2.4 Hz, 1H), 2.42 (s, 3H); 3C NMR (100 MHz, CDCls) § 176.2, 155.4,
150.8, 143.5, 138.0, 135.6, 129.3, 127.8, 127.8, 127.5, 126.4, 126.0, 125.6, 122.7, 122.6, 121.6,
116.7, 51.5, 33.1, 20.0; FT-IR: v (cm™) 3061, 2955, 2851, 1574, 1514, 1493, 1459. HRMS [ESI]
calcd for C22H19NOSNa [M+Na]* 368.1080, found 368.1082.

o

S __N

7L

4i: 56.5 mg, 82%, yellow solid, m.p. 69-70 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 8.02-7.97 (m, 1H),
7.54-7.48 (m, 1H), 7.41-7.28 (m, 6H), 7.16-7.08 (m, 2H), 6.98-6.92 (m, 1H), 6.88-6.82 (m, 1H),
4.71 (dd, J = 10.8, 3.2 Hz, 1H), 3.91 (dd, J = 14.0, 10.8 Hz, 1H), 3.18 (dd, J = 14.0, 2.8 Hz, 1H),
2.45 (s, 3H); 3C NMR (100 MHz, CDCls) § 174.6, 155.1, 148.9, 143.0, 135.8, 135.7, 131.3, 129.1,
128.2,127.9, 127.8, 127.7, 126.9, 122.0, 121.3, 120.5, 118.8, 53.6, 36.0, 21.5. FT-IR: v (cm™) 3060,
3029, 2922, 2847, 1596, 1489, 1241. HRMS [ESI] calcd for C22H19NOSNa [M+Na]* 368.1080,
found 368.1086.

O OH

4j: 28.8 mg, 40%, yellow solid, m.p. 95-96 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 7.98 (d, J = 8.8 Hz,
1H), 7.41-7.27 (m, 5H), 7.19-7.15 (m, 1H), 7.15-7.06 (m, 3H), 6.97-6.91 (m, 1H), 6.87-6.81(m, 1H),
4.67 (dd, J = 10.4, 2.4 Hz, 1H), 3.89 (dd, J = 14.4, 10.8 Hz, 1H), 3.83 (s, 3H), 3.16 (dd, J = 14.0, 2.4
Hz, 1H); *C NMR (100 MHz, CDCls) & 173.1, 157.9, 155.1, 145.3, 143.0, 136.9, 131.3, 129.1,
128.2,127.8, 127.7, 127.0, 123.0, 120.5, 118.8, 115.6, 104.3, 55.8, 53.6, 36.0. FT-IR: v (cm™) 3661,
3062, 2933, 2633, 1602, 1564, 1474. HRMS [ESI] calcd for C22H20NO2S [M+H]* 362.1209, found
362.1215.
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S__N
EH

4k: 46.8 mg, 67%, yellow solid, m.p. 119-120 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) & 8.05 (dd, J = 9.2,
4.8 Hz, 1H), 7.44-7.35 (m, 3H), 7.35-7.28 (m, 3H), 7.26-7.20 (m, 1H), 7.16-7.08 (m, 2H), 6.94 (dd,
J=8.4,1.2Hz, 1H), 6.88-6.82 (m, 1H), 4.72 (dd, J = 10.4, 2.8 Hz, 1H), 3.90 (dd, J = 14.0, 10.4 Hz,
1H), 3.20 (dd, J = 10.4, 3.2 Hz, 1H); 3C NMR (100 MHz, CDCls) & 175.6, 160.6 (d, Jc.r = 244.9
Hz), 154.9, 147.6, 142.6, 136.6 (d, Jcr = 11.2 Hz), 131.3, 129.2, 128.3, 127.8, 127.8, 126.6, 123.5
(d, Jcr = 9.4 Hz), 120.6, 118.6, 115.1 (d, Jc.r = 24.7 Hz), 107.9 (d, Jc-r = 26.7 Hz), 53.5, 35.9; 1°F
NMR (376 MHz, CDCls) § -115.1 (s). FT-IR: v (cm™) 3085, 3028, 2848, 2710, 1603, 1583, 1483.
HRMS [ESI] calcd for C21H17FNOS [M+H]* 350.1009, found 350.1006.

Cl

4l: 43.7 mg, 60%, yellow solid, m.p. 58-59 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15). *H NMR (400 MHz, CDCls) § 8.00 (d, J = 8.8 Hz,
1H), 7.69 (d, J = 2.0 Hz, 1H), 7.45 (dd, J = 8.8, 2.0 Hz, 1H), 7.42-7.35 (m, 2H), 7.35-7.29 (m, 3H),
7.16-7.08 (m, 2H), 6.96-6.91 (m, 1H), 6.88-6.82 (m, 1H), 4.73 (dd, J = 10.4, 3.2 Hz, 1H), 3.90 (dd,
J=14.4,10.8 Hz, 1H), 3.21 (dd, J = 14.4, 3.2 Hz, 1H); 3C NMR (100 MHz, CDCl3) § 176.4, 154.9,
1495, 1425, 136.7, 131.6, 131.3, 129.2, 128.3, 127.9, 127.8, 127.2, 126.6, 123.3, 121.3, 120.6,
118.6, 53.5, 35.9. FT-IR: v (cm™) 3062, 2923, 2852, 1594, 1489, 1455, 1240. HRMS [ESI] calcd for
C21H17CINOS [M+H]* 366.0714, found 366.07009.

Br,

Q

S__N

L

4m: 59.9 mg, 73%, yellow solid, m.p. 121-122 °C. Purification by flash column chromatography on
silica gel (eluent: EtOAc/Petroleum ether = 1/15).*H NMR (400 MHz, CDCls) § 7.94 (d, J = 8.8 Hz,
1H), 7.85 (d, J = 2.0 Hz, 1H), 7.59 (dd, J = 8.8, 2.0 Hz, 1H), 7.41-7.34 (m, 2H), 7.34-7.28 (m, 3H),
7.16-7.08 (m, 2H), 6.93 (dd, J = 8.4, 1.2 Hz, 1H), 6.88-6.82 (m, 1H), 4.72 (dd, J = 10.4, 3.2 Hz, 1H),
3.89 (dd, J = 14.4, 10.8 Hz, 1H), 3.20 (dd, J = 14.0, 3.2 Hz, 1H); 3C NMR (100 MHz, CDCls) §
176.4, 154.9, 149.9, 142.5, 137.2, 131.3, 129.9, 129.2, 128.3, 127.9, 127.8, 126.5, 124.2, 123.7,
120.6, 119.2, 118.5, 53.5, 35.9. FT-IR: v (cm™) 3062, 3028, 2849, 1581, 1515, 1452, 1396. HRMS
[ESI] calcd for C2:H17BrNOS [M+H]*410.0209, found 410.0202.

. Transformation of compound 3a

7.1. Synthesis of 5
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H o

SN 1.2 eq THO SN
1.2 eq Et3N
_eEREeT
0,
O o1 DCM, 0 °C O oTf
3a 5

3a (1 mmol, 1.0 equiv.) was dissolved in DCM (10 mL) and cooled to 0 <C. EtsN (1.2 mmol, 1.2
equiv) was added dropwise to the solution, which was followed by the addition of triflic anhydride
(1.2 mmol, 1.2 equiv). After 5 min, the ice bath was removed, and the reaction was monitored by
TLC. Once the 3a was completely consumed, the reaction was stopped. The solvent was evaporated
under vacuum and the residue was purified by flash column chromatography on silica gel
(EtOAc/petroleum ether =1:20) to afford the desired product 5 (421.7 mg, 91% vyield, 15 min).

5: yellow oil. 'H NMR (400 MHz, CDCls) § 8.12-8.05 (m, 1H), 7.82-7.76 (m, 1H), 7.52-7.44 (m,
1H), 7.42-7.34 (m, 3H), 7.34-7.29 (m, 2H), 7.29-7.22 (m, 3H), 7.22-7.17 (m, 1H), 7.16-7.10 (m, 1H),
4.84-4.74 (m, 1H), 4.02-3.90 (m, 1H), 3.66-3.54 (m, 1H); 3C NMR (100 MHz, CDCls) § 172.8,
153.2, 148.2, 140.6, 135.3, 132.4, 131.9, 128.8, 128.5, 128.2, 128.1, 127.7, 126.0, 125.0, 123.1,
121.6, 121.3, 118.6 (q, Jor = 318.2 Hz), 50.7, 36.3; 2°F NMR (376 MHz, CDCls) & -73.7 (5). FT-IR:
v (em™) 3031, 2968, 2944, 1558, 1487, 1456, 1285. HRMS [ESI] calcd for Cz2H1sFsNOsS;Na
[M+Na]* 486.0416, found 486.0425.

7.2. Synthesis of 6

3 eq HCOOH

S__N 10 mol % Pd(PPhs), SN
O 3eqTEA
dry DMF O
OTf 80°C
5 6

5 (0.2 mmol, 1.0 equiv.), formic acid (0.6 mmol, 3.0 equiv.), Pd(PPhs)s (0.02 mmol, 10 mol %),
TEA (0.6 mmol, 3.0 equiv.), and dry DMF (2.0 mL) were added to an oven-dried 5-mL flask. The
flask was capped and then backfilled with nitrogen for three times. The reaction mixture was heated
to 80 <C until 5 had been completely consumed as determined by TLC. Then, the reaction mixture
was cooled down to room temperature and diluted with ethyl acetate (50 mL). The organic phase
was washed with brine (3*15 mL) and dried with MgSOa. The solvent was removed under reduced
pressure to get the crude product, which was purified by flash column chromatography on silica gel
(EtOAc/petroleum ether =1:40) to afford the pure product as a yellow solid (58.6 mg, 93% vyield, 8.5
h).

6: yellow solid, m.p. 50-51 °C. *H NMR (400 MHz, CDCls) § 7.98-7.92 (m, 1H), 7.74-7.66 (m, 1H),
7.40-7.34 (m, 1H), 7.31-7.23 (m, 3H), 7.23-7.18 (m, 2H), 7.18-7.05 (m, 4H), 7.05-7.00 (m, 2H),
4.60 (dd, J = 8.0, 8.0 Hz, 1H), 3.75 (dd, J = 14.0, 7.2 Hz, 1H), 3.37 (dd, J = 14.0, 8.4 Hz, 1H); 13C
NMR (100 MHz, CDCls) 6 174.2, 153.2, 141.2, 139.1, 135.3, 129.1, 128.7, 128.3, 128.3, 127.4,
126.3, 125.9, 124.8, 123.0, 121.5, 52.7, 41.9. FT-IR: v (cm™) 3025, 2926, 2894, 1654, 1601, 1511,
1436. HRMS [ESI] calcd for C21H1sNS [M+H]* 316.1154, found 316.1156.

7.3. Synthesis of 7
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O
O 1) 5 eq Me;0BF4, DCM ~ O
2) 2.5 eq NaBH,4, MeOH
O 3) 3 eq AgNO3, H,0/ MeCN/ DCM O
6 7

6 (0.15 mmol, 1.0 equiv.), activated 4 A powdered molecular sieves (300 mg), and anhydrous
CH2Cl; (2 mL) was stirred at r.t. for 10 min, and then Me3sOBF4 (1.0 mmol, 5 equiv.) was added in
twice. The suspension was stirred at r.t. for 4 h and then concentrated to dryness without filtering off
the molecular sieves. To a cooled (0 <C), stirred suspension of the crude N-methylbenzothiazolium
salt in CH3OH (2 mL) was added NaBH4 (0.5 mmol, 2.5 equiv.). The mixture was stirred at rt. for
an additional 30 min, diluted with acetone, filtered through a pad of Celite, and concentrated. To a
vigorously stirred solution of the crude benzothiazoline in CH2Cl; (0.6 mL) and CH3CN (3.0 mL)
were added H20 (0.36 mL) and then AgNO3z (0.45 mmol, 3 equiv.). The mixture was stirred at r.t.
until the benzothiazoline were completely consumed as determined by TLC, and then diluted with 1
M phosphate buffer at pH 7 (0.1 mL). Stirring was continued for an additional 15 min, and then the
reaction mixture was diluted with 1 M phosphate buffer at pH 7 (5 mL) and the suspension was
extracted with EtOAc (2 =< 10 mL), and the combined organic layers were dried over Na>SOs,
filtered through a pad of Celite, and concentrated. The residue was eluted from a short column of
silica gel (EtOAc/petroleum ether =1:40) to afford 7 (27.4 mg, 87% for 3 steps)

7: yellow oil. *H NMR (400 MHz, CDCls) & 9.66 (d, J = 1.6 Hz, 1H), 7.30-7.17 (m, 3H), 7.17-7.10
(m, 2H), 7.10-7.02 (m, 3H), 7.01-6.94 (m, 2H), 3.80-3.72 (m, 1H), 3.39 (dd, J = 14.0, 6.8 Hz, 1H),
2.89 (dd, J = 14.0, 8.0 Hz, 1H); *C NMR (100 MHz, CDCls) § 199.9, 138.8, 135.7, 129.1, 128.4,
127.7, 126.3, 61.0, 36.2. FT-IR: v (cm™) 3062, 3029, 2923, 1703, 1601, 1495, 1453. HRMS [ESI]
calcd for C15sH140Na [M+Na]* 233.0937, found 233.0939.

7.4. Synthesis of 8

dN 5 mol % Pdy(dba); S __N
o 10 mol % dppp
I 2.5 eq DIPEA
+ Ph,PH N
O dry toluene, 105°C O=l?—Ph
Ph
5 8

Under N2, a 5 mL vial was charged with trifluoromethanesulfonate 5 (0.2 mmol, 1.0 equiv.),
diphenylphosphine oxide (0.4 mmol, 2.0 equiv.), N, N-diisopropylethylamine (0.5 mmol, 2.5 equiv.),
1, 3-bis-(diphenylphosphino)propane (0.02 mmol, 10 mol%), Pdz(dba)s (0.01 mmol, 5 mol%), and
degassed toluene (1 mL). The vial was sealed and stirred at 105 °C for 48 h. Upon completion, the
mixture was cooled to room temperature, and directly subject to flash column chromatography on
silica gel (EtOAc/petroleum ether =1 : 1) to afford 8 as a yellow solid (99 mg, 96% vyield, 46.5 h).

8: yellow solid, m.p. 83-84 °C. 'H NMR (400 MHz, CDCls) & 8.06-7.98 (m, 1H), 7.77-7.72 (m, 1H),
7.72-7.63 (m, 4H), 7.59-7.50 (m, 2H), 7.50-7.39 (m, 5H), 7.36-7.26 (m, 3H), 7.25-7.12 (m, 4H),
7.11-6.99 (m, 3H), 5.01 (dd, J = 7.6, 7.6 Hz, 1H), 4.03 (dd, J = 14.0, 7.6 Hz, 1H), 3.75 (dd, J = 14.0,
8.0 Hz, 1H); *C NMR (100 MHz, CDCls) & 173.9, 153.2, 144.5 (d, Jcp = 7.8 Hz), 141.4, 135.4,
133.7 (d, Jc-p = 13.0 Hz), 133.7 (d, Jcp = 4.0 Hz), 132.7 (d, Jc» = 3.1 Hz), 132.5 (d, Jcr = 10.2 Hz),
132.1, 132.0, 131.9, 131.5 (d, Jcp = 2.1 Hz), 131.1 (d, Jcr = 90.9 Hz), 128.7, 128.6, 128.5, 128.5,
128.4,126.9, 125.7 (d, Jcp = 13.1 Hz), 125.6, 124.6, 122.9, 121.5, 51.0, 40.8 (d, Jc-p = 4.5 Hz); 3'P
NMR (162 MHz, CDCls) § 31.6 (s). FT-IR: v (cm™) 3057, 2927, 2893, 1726, 1513, 1493, 1238.
HRMS [ESI] calcd for C33sH27NOPS [M+H]"516.1545, found 516.1545.
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7.5. Synthesis of 9

SN 1) 5 eq Me;OBF,, DCM OH
‘ 2) 2.5 eq NaBH,, MeOH
O 3) 3 eq AgNO3, H,0/ MeCN/ DCM O 0=P—pPh
O=P—Ph 4) 2.0 eq NaBH,, MeOH !

Ph

8 9

8 (0.1 mmol, 1.0 equiv.), activated 4 A powdered molecular sieves (150 mg), anhydrous CHzCl, (1
mL) and MeCN (1 mL) was stirred at r.t. for 10 min, and then MeOTf (0.5 mmol, 5 equiv.) was
added in twice. The suspension was stirred at r.t. for 4 h and then concentrated to dryness without
filtering off the molecular sieves. To a cooled (0 <C), stirred suspension of the crude N-
methylbenzothiazolium salt in CH3sOH (2 mL) was added NaBHs (0.25 mmol, 2.5 equiv.). The
mixture was stirred at r.t. for an additional 30 min, diluted with acetone, filtered through a pad of
Celite, and concentrated. To avigorously stirred solution of the crude benzothiazolines in CH2Cl>
(0.3 mL) and CH3CN (1.5 mL) were added H20 (0.18 mL) and then AgNOs (0.3 mmol, 3 equiv.).
The mixture was stirred at rt. until the benzothiazolines were completely consumed as determined
by TLC, and then diluted with 1 M phosphate buffer at pH 7 (0.1 mL). Stirring was continued for an
additional 15 min, and then the reaction mixture was diluted with 1 M phosphate buffer at pH 7 (5
mL) and the suspension was extracted with EtOAc (3 > 15 mL), and the combined organic layers
were dried over Na>SOg, filtered through a pad of Celite, and concentrated. The mixture was diluted
in CH3OH (2 mL) and added NaBH4 (0.2 mmol, 2.0 equiv.) in 0 <C. After stired at r.t. for 30 min
(TLC), the residue was eluted from a short column of silica gel (EtOAc/petroleum ether = 1:3) to
afford 9 (21.6 mg, 54% for 4 steps).

9: yellow oil. *H NMR (400 MHz, CDCls)  7.68-7.54 (m, 5H), 7.54-7.40 (m, 7H), 7.37-7.28 (m,
3H), 7.25-7.16 (m, 2H), 7.05-6.93 (m, 1H), 6.71 (d, J = 7.6 Hz, 1H), 4.96-4.84 (m, 1H), 3.36 (dd, J
= 13.2, 9.6 Hz, 1H), 3.06 (dd, J = 14.0, 3.6 Hz, 1H); 13C NMR (100 MHz, CDCls) & 146.0, 144.5 (d,
Jep = 7.8 Hz), 133.3 (d, Jep = 13.3 Hz), 132.9, 132.5 (d, Jep = 2.7 Hz), 132.3 (d, Jcp = 18.3 Hz),
132.3, 132.2, 132.1 (d, Jcp = 6.7 Hz), 131.9, 131.8 (d, Jcp = 10.0 Hz), 131.0 (d, Jcp = 47.6 Hz),
128.8 (d, Jer = 7.8 Hz), 128.8 (d, Jc.p = 7.8 Hz), 128.2, 126.8, 126.0, 125.9, 75.5, 4.6 (d, Jcp = 4.9
Hz); 3P NMR (162 MHz, CDCls) 5 35.8 (s). FT-IR: v (cm) 3057, 2964, 2923, 1825, 1773, 1550,
1477. HRMS [ESI] calcd for CzsH230,PNa [M+Na]* 421.1328, found 421.1308.

7.6. Synthesis of 10

s__N 5 mol% Ru(p-Cymene)Cl, S__N
O 2eq K2003 O =
dry DMF, 135°C Q
oTf O
5 10

5 (0.2 mmol, 1.0 equiv.), potassium carbonate (0.4 mmol, 2.0 equiv.), Ru(p-cymene)Cl> (0.01 mmol,
5 mol %), and dry DMF (2.0 mL) were added to an oven-dried 5mL flask. The flask was capped and
then backfilled with nitrogen for three times. The reaction mixture was heated to 135 <C until 5 had
been completely consumed as determined by TLC. Then, the reaction mixture was cooled down to
room temperature and solvent was removed under reduced pressure to get the crude product, which
was purified by flash column chromatography on silica gel (EtOAc/petroleum ether = 1:30) to
afford product 10 as a white solid (62.2 mg, 94% vyield, 11 h).
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10: white solid, m.p. 130-131°C. *H NMR (400 MHz, CDCl3) & 8.06-8.01 (m, 1H), 7.84-7.79 (m,
1H), 7.77-7.70 (m, 2H), 7.49-7.42 (m, 1H), 7.42-7.36 (m, 2H), 7.36-7.27 (m, 2H), 7.24-7.21 (m, 2H),
7.11-7.06 (m, 1H), 6.96-6.90 (m, 1H), 4.64 (d, J = 15.6 Hz, 1H), 3.84 (d, J = 15.6 Hz, 1H); %°C
NMR (100 MHz, CDCls) & 176.6, 158.1, 153.2, 142.6, 135.7, 128.6, 128.4, 128.1, 126.0, 125.9,
125.4, 125.1, 125.0, 123.3, 121.7, 121.7, 110.1, 91.9, 44.3. FT-IR: v (cm'%) 3054, 2922, 2852, 1685,
1613, 1433, 1327. HRMS [ESI] calcd for C21H1sNOS [M+H]* 330.0947, found 330.0944.

S_N /O
1) 5 eq MeOTf, DCM/ MeCN Q
2) 2.5 eq NaBHy4, MeOH Q

(0]

O 3) 3 eq ANO3, H,0/ MeCN/ DCM O

10 (0. 1 mmol, 1.0 equiv.), activated 4 A powdered molecular sieves (150 mg), anhydrous CH,Cl>
(1 mL) and MeCN (1 mL) was stirred at r.t. for 10 min, and then MeOTf (0.5 mmol, 5 equiv.) was
added in twice. The suspension was stirred at r.t. for 4 h and then concentrated to dryness without
filtering off the molecular sieves. To a cooled (0 <C), stirred suspension of the crude N-
methylbenzothiazolium salt in CH3OH (2 mL) was added NaBHs (0.25 mmol, 2.5 equiv.). The
mixture was stirred at r.t. for an additional 30 min, diluted with acetone, filtered through a pad of
Celite, and concentrated. To avigorously stirred solution of the crude benzothiazolines in CH2Cl>
(0.3 mL) and CH3CN (1.5 mL) were added H20 (0.18 mL) and then AgNOs (0.3 mmol, 3 equiv.).
The mixture was stirred at r.t. until the benzothiazolines were completely consumed as determined
by TLC, and then diluted with 1 M phosphate buffer at pH 7 (0.1 mL). Stirring was continued for an
additional 15 min, and then the reaction mixture was diluted with 1 M phosphate buffer at pH 7 (5
mL) and the suspension was extracted with EtOAc (3 > 15 mL), and the combined organic layers
were dried over NaSOs, filtered through a pad of Celite, and concentrated. The crude product was
purified by flash column chromatography on silica gel (EtOAc/petroleum ether = 1:7) to afford
product 11 as a yellow oil (12.3 mg, 55% yield for 3 steps).

7.7. Synthesis of 11

11: yellow oil. *H NMR (400 MHz, CDCls) & 8.14-8.07 (m, 2H), 7.69 (s, 1H), 7.66-7.59 (m, 1H),
7.55-7.48 (m, 2H), 7.22-7.15 (m, 2H), 6.99-6.94 (m, 1H), 6.91-6.85 (m, 1H), 4.29 (s, 2 H); *C
NMR (100 MHz, CDCls) & 201.2, 155.7, 135.8, 134.1, 131.0, 129.1, 128.9, 125.6, 121.0, 120.9,
117.8, 41.1. FT-IR: v (cm™) 3408, 3062, 2917, 2851, 1673, 1608, 1594, 1341. HRMS [ESI] calcd
for C1sH1302 [M+H]* 225.0910, found 225.0919.

7.8. Synthesis of 12

o

4N 10 mol % Pd(PPh3),Cly SN O
5 mol % CuBr
O S 3 eq DIPEA O
dry DMF, 80 °C I
Ph
5 12

5 (0.2 mmol, 1.0 equiv.), phenylacetylene (0.6 mmol, 3.0 equiv.), Pd(PPh3).Cl, (0.02 mmol, 10
mol %), CuBr (0.01 mmol, 5 mol %), DIPEA (0.6 mmol, 3.0 equiv.), and dry DMF (2.0 mL) were
added to an oven-dried 5 mL flask. The flask was capped and then backfilled with nitrogen for three
times. The reaction mixture was heated to 80 <C until 5 had been completely consumed as
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determined by TLC. Then, the reaction mixture was cooled down to room temperature and then
diluted with ethyl acetate (50 mL). The organic phase was washed with brine (4><10 mL) and dried
with MgSOs. The solvent was removed under reduced pressure to get the crude product, which was
purified by flash column chromatography on silica gel (EtOAc/petroleum ether = 1:40) to afford
product 12 as a yellow solid (74.4 mg, 90% yield, 10 h).

12: yellow solid, m.p. 82-83°C. 'H NMR (400 MHz, CDCls3) § 8.04 -7.98 (m, 1H), 7.76-7.70 (m,
1H), 7.50-7.38 (m, 4H), 7.36-7.30 (m, 2H), 7.30-7.16 (m, 7H), 7.12-7.06 (m, 1H), 7.05-6.99 (m, 1H),
6.99-6.94 (m, 1H), 4.90 (dd, J = 7.6, 7.6 Hz, 1H), 4.05 (dd, J = 13.2, 7.2 Hz, 1H), 3.62 (dd, J = 13.2,
8.0 Hz, 1H); *C NMR (100 MHz, CDCl3) § 173.9, 153.3, 141.4, 141.2, 135.4, 132.3, 131.7, 130.1,
128.6, 128.4, 128.3, 128.3, 128.1, 127.3, 126.4, 125.8, 124.8, 123.3, 123.0, 121.5, 93.9, 88.1, 51.4,
41.1. FT-IR: v (cm™) 3059, 3028, 2958, 1637, 1493, 1436, 1328. HRMS [ESI] calcd for C2oH22NS
[M+H]" 416.1467, found 416.1456.

7.9. Synthesis of 13

S__N
O 1) 5 eq MeOTf, DCM/ MeCN
2) 2.5 eq NaBH,4, MeOH

O I 3) 3 eq AgNO3, H,0/ MeCN/ DCM

Ph
12 13
13 was prepared from 12 (0.2 mmol) according to the same procedures as the synthesis of 11, the
crude product was purified by flash column chromatography on silica gel (EtOAc/petroleum ether =
1:7) to afford product 13 as a yellow oil (50.8 mg, 82% yield for 3 steps).

13: yellow oil. *H NMR (400 MHz, CDCls3) § 9.83 (d, J = 1.2 Hz, 1H), 7.62-7.50 (m, 3H), 7.44-7.30
(m, 6H), 7.25-7.16 (m, 4H), 7.12-7.08 (m, 1H), 4.16 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 3.84 (dd, J =
13.6, 6.8 Hz, 1H), 3.21 (dd, J = 13.6, 7.6 Hz, 1H); *C NMR (100 MHz, CDCls) § 199.9, 141.1,
136.0, 132.4, 131.6, 130.2, 129.2, 129.0, 128.5, 128.5, 128.4, 127.7, 126.5, 123.2, 122.9, 94.0, 8.0,
59.9, 35.4. FT-IR: v (cm™) 3028, 2814, 2214, 1720, 1599, 1493, 1444, 1387. HRMS [ESI] calcd for
CasH1s0ONa [M+Na]* 333.1250, found 333.1258.

7.10. Synthesis of 14

o L)

DCE : CF3COOH = 2:1
o ~ I

13 14
To a solution of 13 (32 mg, 0.1 mmol) in DCE (2.0 mL) was added TFA (1.0 mL) and the resulting
solution was stirred at 80 <C for 1 h. Then the mixture was cooled down to r.t. and concentrated in
vacuo to yield the crude product. Purification by flash column chromatography on silica gel
(EtOAc/petroleum ether = 1:40) afforded product 14 as a yellow oil (24.0 mg, 77%).

14: yellow oil. *H NMR (400 MHz, CDCls) & 7.86-7.79 (m, 2H), 7.47-7.40 (m, 1H), 7.36-7.29 (m,
2H), 7.25-7.12 (m, 6H), 7.11-7.04 (m, 3H), 6.37 (d, J = 3.2 Hz, 1H), 3.88-3.79 (m, 1H), 3.08-2.94
(m, 2H); 3C NMR (100 MHz, CDCls) § 196.9, 143.5, 139.3, 138.8, 137.8, 134.9, 133.1, 131.6,
130.0, 128.8, 128.5, 128.3, 128.0, 127.6, 127.0, 127.0, 125.9, 41.4, 37.0. FT-IR: v (cm'?) 3059, 2923,
2853, 1723, 1596, 1448, 1253. HRMS [ESI] calcd for CasHisONa [M+Na]* 333.1250, found
333.1250.
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7.11. Synthesis of 15

o L) o )

2 eqDDQ
‘O dry DCM/ MeSO3H = 9:1 OO
O 0°Ctort. O

14 15
Compound 15 (0.1 mmol) was dissolved in dry CH>Cl> (9 mL) and methanesulfonic acid (1 mL) at
0 °C. The solution was treated with DDQ (0.2 mmol), stirred at 0 °C for 30 min and then rt for 6 h.
The mixture was extracted with CH2Cl, (310 mL), and the combined organic layers were washed
with water and brine, dried over Na>SOs, filtered, and purified through a short pad of silica gel
(EtOAC/ petroleum ether = 1:40) to afford product 15 as a yellow oil (24.3 mg, 79%).

15: yellow oil. *H NMR (400 MHz, CDCl3) § 8.24-8.19 (m, 1H), 8.12-8.06 (m, 1H), 8.02-7.97 (m,
1H), 7.96-7.91 (m, 2H), 7.88-7.84 (m, 1H), 7.74-7.67 (m, 2H), 7.65-7.59 (m, 1H), 7.59-7.54 (m, 1H),
7.54-7.45 (m, 5H), 7.43-7.36 (m, 1H); 3C NMR (100 MHz, CDCl3) & 197.9, 140.1, 138.2, 137.2,
137.1, 134.1, 133.4, 130.5, 130.2, 129.0, 128.8, 128.7, 128.6, 127.8, 127.4, 127.3, 127.2, 126.9,
125.6. FT-IR: v (cm™) 3080, 2956, 2924, 1652, 1577, 1495, 1321.C23H160Na [M+Na]* 331.1093,
found 331.1095.

7.12. Synthesis of 16

; B(OH SN
SN (OH), 5 mol % Pd(PPhs), O
4 o0 4 eq K3POy4
dry 1,4-dioxane, 100 °C OHC
4e
5 16

5 (0.2 mmol, 1.0 equiv.), (2-formylnaphthalen-1-yl)boronic acid (0.8 mmol, 4.0 equiv.), Pd(PPh3)4
(0.01 mmol, 5 mol %), K3PO4 (0.8 mmol, 4.0 equiv.), and dry 1, 4-dioxane (2.0 mL) were added to
an oven-dried 5 mL flask. The flask was capped and then backfilled with nitrogen for three times.
The reaction mixture was heated to 100<C until 5 had been completely consumed as determined by
TLC. Then, the reaction mixture was cooled down to room temperature and solvent was removed
under reduced pressure to get the crude product, which was purified by flash column
chromatography on silica gel (EtOAc/petroleum ether = 1:30) to afford product 16 as a yellow oil
(44.5 mg, 47% vyield, 24 h).

16 (d.r. = 5:1): yellow oil. *H NMR (400 MHz, CDClz) & 9.81 (d, J = 0.4 Hz, 1H, major), 9.44 (d, J
= 0.8 Hz, 1H, minor), 8.13-8.08 (m, 1H, major), 8.08-8.04 (m, 1H, minor), 8.02-7.95 (m, 3H, major),
7.95-7.87 (m, 3H, minor),7.73-7.68 (m, 1H, major), 7.68-7.72 (m, 1H, major & 1H, minor, overlap),
7.62-7.56 (m, 1H, major), 7.52-7.38 (m, 4H, major & 4H, minor, overlap), 7.39-7.26 (m, 3H, major
& 3H, minor, overlap), 7.25-7.20 (m, 1H, major & 1H, minor, overlap), 7.19-7.12 (m, 1H, major),
7.13-7.10 (m, 1H, minor), 7.10-7.06 (m, 2H, major & 2H, minor, overlap), 6.98-6.94 (m, 2H, minor),
6.91-6.84 (m, 2H, major), 4.47 (dd, J = 8.4, 6.8 Hz, 1H, minor), 4.40 (dd, J = 8.8, 6.4 Hz, 1H,
major), 3.61 (dd, J = 14.4, 6.8 Hz, 1H, minor), 3.54 (dd, J = 14.4, 8.8 Hz, 1H, major), 3.13-3.03 (m,
1H, major & 1H, minor, overlap); *C NMR (100 MHz, CDCls) § (major) 192.6, 172.6, 153.1, 145.4,
141.0, 138.5, 136.2, 135.1, 135.0, 132.5, 131.4, 131.3, 129.8, 129.0, 128.7, 128.6, 128.6, 128.4,
128.0, 127.7, 127.5, 127.2, 126.3, 125.8, 124.8, 123.0, 122.2, 121.4, 50.5, 39.6; (minor) 192.4,
173.5, 153.0, 145.1, 140.5, 138.5, 136.0, 135.1, 134.9, 131.8, 131.6, 131.1, 130.0, 128.9, 128.7,
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128.6, 128.6, 128.4, 128.0, 127.6, 127.3, 127.2, 126.3, 125.9, 124.7, 122.9, 122.1, 121.4, 51.5, 39.3.
FT-IR: v (cm™) 2960, 2917, 1618, 1592, 1482, 1430, 1309. HRMS [ESI] calcd for CaH2sNOS
[M+H]* 470.1573, found 470.1578.

7.13. Protection of aldehyde

H

S__N
‘ 1 mol % p-toluenesulfonic acid
1.6 g/ mmol SiO
+ HS/\/SH g 2
OHC DCM, reflux

16

A 50 mL round-bottom flask fitted with a condenser was charged with silica gel (145 mg), CH2Cl»
(5 mL), 16 (0.09 mmol), 1, 2-ethanedithiol (0.1 mmol, 1.1 equiv.), and p-toluenesulfonic acid (1.5
mg, 1 mol %). The heterogeneous mixture was refluxed under stirring with a magnetic stirrer.
Progress of the reaction was monitored by TLC. After complete disappearance of 16, the reaction
mixture was filtered through a sintered glass funnel. The solid residue was washed with CH,Cl;
(10mL). The solvent was evaporated under vacuum to get the crude product as a white solid, which
was pure enough to be directly used in the next step.

7.14. Synthesis of 17

1) 5 eq MeOTf, DCM/ MeCN
2) 2.5 eq NaBH,4, MeOH

3) 3 eq AgNO3, H,0/ MeCN/ DCM

17

The disulfide (0.07 mmol, 1.0 equiv.), activated 4 A powdered molecular sieves (140 mg),
anhydrous CH2Cl> (1 mL), and MeCN (1 mL) was stirred at r.t. for 10 min, and then MeOTT (0.35
mmol, 5 equiv.) was added in twice. The suspension was stirred at r.t. for 4 h and then concentrated
to dryness without filtering off the molecular sieves. To a cooled (0 <C), stirred suspension of the
crude N-methylbenzothiazolium salt in CH30H (2 mL) was added NaBH4 (0.175 mmol, 2.5 equiv.).
The mixture was stirred at r.t. for an additional 30 min, diluted with acetone, filtered through a pad
of Celite, and concentrated. To avigorously stirred solution of the crude benzothiazolines in CH2Cl>
(0.2 mL) and CH3CN (1.0 mL) were added H>O (0.13 mL) and then AgNOs (0.21 mmol, 3 equiv.).
The mixture was stirred at r.t. until the benzothiazolines were completely consumed as determined
by TLC, and then diluted with 1 M phosphate buffer at pH 7 (0.1 mL). Stirring was continued for an
additional 15 min, and then the reaction mixture was diluted with 1 M phosphate buffer at pH 7 (5
mL) and the suspension was extracted with EtOAc (2 > 10 mL), and the combined organic layers
were dried over NaxSOs, filtered through a pad of Celite, and concentrated. The residue was eluted
from a short column of silica gel (EtOAc/petroleum ether = 1:15) to afford product 17 (8.0 mg, 31%
for 3 steps).

17 (d.r. = 4.1:1): yellow oil. *H NMR (400 MHz, CDCls) § 9.95 (s, 1H, minor), 9.83 (m, 1H, major),
9.43 (d, J = 1.2 Hz, 1H, major), 9.25 (s, 1H, minor), 8.10-8.05 (m, 1H, major), 8.00-7.91 (m, 2H,
major & 3H, minor, overlap), 7.67-7.60 (m, 1H, minor & 1H, major, overlap), 7.50-7.26 (m, 6H,
major & 6H, minor, overlap), 7.20-7.11 (m, 3H, major & 3H, minor, overlap), 6.75-6.70 (m, 2H,
minor), 6.70-6.60 (m, 2H, major), 3.63-3.58 (m, 1H, minor), 3.53-3.47 (m, 1H, major), 3.26-3.18 (m,
1H, minor), 3.11 (dd, J = 14.4, 6.8 Hz, 1H, major), 2.66 (dd, J = 14.4, 7.6 Hz, 1H, major), 2.56 (dd,
J = 14.4, 9.2Hz, 1H, minor); C NMR (100 MHz, CDCls) § (major) 199.0, 192.5, 145.3, 138.2,
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136.2, 135.0, 134.9, 132.4, 131.8, 131.4, 130.1, 129.1, 129.0, 128.7, 128.7, 128.6, 128.4, 127.7,
127.3, 127.2, 126.4, 122.2, 59.3, 33.6; (minor) 199.3, 192.0, 144.9, 138.2, 135.9, 134.9, 134.8,
132.2, 1315, 131.2, 129.7, 129.2, 128.9, 128.8, 128.6, 128.5, 128.4, 127.7, 127.3, 127.0, 126.4,
122.1, 60.0, 33.2. FT-IR: v (cm™) 3060, 2925, 2850, 2730, 1721, 1687, 1616, 1490, 1380. HRMS
[ESI] calcd for C2sH2002Na [M+Na]* 387.1356, found 387.1348.

8. Single-crystal X-ray diffraction data for 3a

Bond precision: C-C =0.0047 A Wavelength=0.71073

Cell: a=12.840(3) b=14.882(3) c=17.928(4)
alpha=90 beta=99.99(3) gamma=90

Temperature: 293 K
Calculated Reported

Volume 3373.8(13) 3373.8(12)

Space group P21l/n P121/n1

Hall group -P 2yn -P 2yn

Moiety formula C21 HI7NO S C21H1I7NOS

Sum formula C21H17NOS C21H1I7NOS

Mr 331.42 331.42

Dx, g cm?® 1.305 1.305

Z 8 8

Mu (mm-) 0.198 0.198

FO00 1392.0 1392.0

F000’ 1393.49

h, k, Imax 15,17,21 15,17, 21

Nref 5950 5889

Tmin, Tmax  0.977,0.980 0.961, 0.980

Tmin’ 0.961

Correction method = # Reported T Limits: Tmin=0.961 Tmax=0.980

AbsCorr = MULTI-SCAN
Data completeness = 0.990
R(reflections)= 0.0673 (4639)

S=1.157

Theta (max) = 25.000
wR2(reflections)= 0.1679 (5889)

Npar= 435
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9. Emission quenching experiments (Stern-Volmer Studies):

Emission intensities were recorded using a FLS980 (Edinburgh Instrument, UK) luminescence
spectrophotometer. All 4CzIPN solutions were excited at 460 nm and the emission intensity was
collected at 558 nm. In a typical experiment, to a 3 10 M solution of 4CzIPN in MeCN was added
the appropriate amount of a quencher diazonium salt 1b in a screw-top quartz cuvette. After
degassing the sample with a stream of N2 for 10 minutes, the emission of the sample was collected.
Then, another quencher ascorbic acid (AscH>) was test in the same way.

50000 —

40000 —

30000 —

Intensity (a.u.)

20000 —

10000

T T T T T T
450 500 550 600 650 700 750

Wavelength (nm)

Fig. S1 Quenching of 4CzIPN emission in the presence of increasing amounts of the diazonium salt 1b.

50000 -

40000 -

30000

20000

Intensity (a.u.)

10000

T T T T T T
450 500 550 600 650 700 750
Wavelength (nm)

Fig. S2 Quenching of 4CzIPN emission in the presence of increasing amounts of ascorbic acid.

3.0 4
®  diazonium salt 1b
2.8 ® ascorbic acid

2.6

1!

2.4 4

2.2 4

2.0

1.8

1.6

144

1.2 .__,_,__.,_/_J_/—/—’—’—’o

T T T T T
0.002 0.004 0.006 0.008 0.010
Quencher concentration [M]

Fig. S3 Stern-Volmer guenching plot.
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10. Absorption experiments:

Solutions of different complexes were introduced to a 1 cm path length quartz cuvette equipped with
a Teflon® septum and analyzed using an ultraviolet spectrometer (Agilent Technologies Cary 5000
UV-vis-NIR). For diazonium salt 1b, ascorbic acid (AscH2), the mixtures (1b (0.01 mmol) and 2a
(0.02 mmol)) and the mixtures (1b (0.01 mmol) and ascorbic acid (0.02 mmol)) were dissolved in
MeCN (4 mL) respectively. The mixtures were stirred for 5 min, then transformed to 1 cm path
length quartz cuvettes, sealed with Teflon® septa and degassed with a stream of argon for 10
minutes.

—1b
— 1b+2a
— lb+AscH,

AscH2

Absorbance / a.u.

0 4
— T T T 1 1 1 T 1T 1T T T
300 350 400 450 500 550 600 650 700 750 800

Wavelength / nm

Fig. S4 Absorption spectra of 1b, AscH>, the mixture of 1b and 2a and the mixture of 1b and AscH..

11. Determination of quantum yield:

The quantum yield (®) was determined by the known ferrioxalate actinometry method. A
ferrioxalate actinometry solution was prepared by following the Hammond variation of the Hatchard
and Parker procedure outlined in Handbook of Photochemistry. The actinometry solutions (1mL)
were irradiated with 15 W blue LEDs (40045 nm) for specified time intervals (0 sec, 20 sec, 40sec,
60 sec, 80 sec, 100 sec). The UV-Vis spectra is shown in Fig. S5. Based on the data, we got the
graph (Fig. S6) between the number of moles of products (y axis) and time (x axis). Then, the
irradiated light intensity was estimated to 3.78 x 10® einstein S by using Ks[Fe(C204)3] as an
actinometer. For four clean tubes, according to the general procedure, the 0.1 mmol scale model
reaction solution was irradiated with 15 W blue LEDs (40045 nm) for specified time intervals (0
min, 3 min, 5 min, 15 min, 20 min). The moles of products formed were determined by H-NMR
yield with Toluene as reference standard. The number of moles of products (y axis) per unit time is
related to the number of photons (x axis, calculated from the light intensity) (Fig. S7). The slope
gives the quantum yield (®) of the photoreaction, 1.04 (104%).
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Fig. S7
12. Cyclic voltammograms:

All voltammograms were taken at room temperature using a meshplatinum (Pt) counter electrode, a
glassy carbon working electrode (3 mm diameter), and a saturated KCI Ag/AgCl reference electrode.
The conditions of the experiments were the following: an acetonitrile solution of 0.1 M
tetrabutylammonium tetrafluoroborate (BusNBF4) and 0.01 M diazonium salt 1b, dehydroascorbate
A or 3a, a scan rate of 0.1 V/s, and a negative initial scan direction. The reported potentials were
averages over segments, and were taken at half-height of the cathodic peaks (Epr) of 1b, A or 3a,
since all reductions were nonreversible. To convert the potentials from SCE to Fc/Fc* reference, 380
mV were subtracted from the measured values. The positive peaks on the return sweep of most
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substrates were thought to signify an ECE-type mechanism.

Current (A)

Current (A)
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Fig. S8 Cyclic voltammogram of diazonium salt 1b in MeCN.
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Fig. S9 Cyclic voltammogram of 3a in MeCN.
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Fig. S10 Cyclic voltammogram of dehydroascorbate A in MeCN.

13. Light on-and-off experiments:
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14. H, 13C, and *F NMR Spectra
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2 Solvent DNSO !
3 Temperature 297. 4 j‘_h
4 Number of Scans 2
5 Spectrometer Frequency376.52 . . . . . .
6 Nucleus 191 -147.0 <1475 -1480 1485 -149.0 -149.5
= - -
C[: »—0 My BF4
N j
CFy
Ti
20 10 0 -10 20 -30 -40 -50 -150 -170 -190 210
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Parameter Value

1 Origin Bruker BioSpin GmbF
2 Solvent DMS
3 Temperature 99] 9
4 Number of Scans
5 Spectrometer Fréquency400. 1f
6 Nucleus 1H

5 +

=0 M BFa

N E:i

1)

—2.825

—2.500

Iy
S
o
T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.2
o o vom A wmws— —
5 3 g28 E 2S2en g sozgERe 8
= ~ [N ] [N o ®© = R R ] *
< 359d @ 588482 € Scdacaa &
© LOXII 2 oggdodz S g3 kS
[ e B P = =
Parameter Value
10rigin Bruker BioSpin GmblH
2 Solvent DMSO
3 Temperature 300.5
4 Number of Scans 80
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
g +
E;[ =0 Ny BFg
C -
1
I M
| (N 1
| A ! ' |
I T
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
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Paramet Value
1 0rigin Bryker BjoSpin GmbH
2 Solvent MSO
3 Temper: 5
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus 10
N
\@ S—0 Ny BFa
N

0.979
1987
1.004
3.014

X3S
S =S
T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00 -05
o~ = S- - mooae  ®
ke S 8% %I x 2888 = =g28g92¥s B
© <~ W eed = ool o e AN o e
& I ¥Y 48 8 888 S SSdggada -
2 L2 X3 g 8 dag 32 FEISTRARA S
I NOONE T e I e
Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent DMSO
3 Temperature L5
4 Number of Scans 80
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
e
\CE />,0 N2 BFa
[\l
Tk
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
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Paraneter Value
1 0rigin Briker BioSpin Gmbl
2 Solvent DMSO
3 Temperatire 291.3
4 Number of Scans| 2
5 Spectroneter Frequency400. 15
6 Nucleus 1

|
b, S0
\CE,yo M, BF,
N
11

3.840

2.500

45

g Lz £ 1
X 2N S S =)
(=} — N — o
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
100 95 90 85 80 75 70 65 60 55 S50 45 40 35 30 25 20 15 10 05 00 -05
b ws g oo w oo w oo
5 33 £3ge2 8 2% 2§ 5 3szeTns
v o~ < A= Fed = = 8 =~ S N N o
g 53 3338 85 S 58 § 2222559
€ L% F524 8§ 3 2 g8 % s$ss2aza
| I NESSE T Y4 | =\
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent DMSO
3 Temperature 297.6
4 Number of Scans 62
5 Spectrometer Frequencyl00.62
6 Nucleus 13C
|
O 5 _
\E:E =0 N B
H
1l
. [ o |
I I
MWWWWMMWMW “ “‘"“WJ*“ . o “
A i A A A y i
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
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Parampeter Value

1 0rigin Brukr BioSpin GmbH

2 Solvent MS

3 Temperatur 97|

4 Number of Scans
5 Spectrometer Frequency400. 15
6 Nucleus 1

2.500

— 167.547
— 158.806
144.380

— 154.126

143.660
134.387
133.875
— 127.966
— 122425
— 115.663

/
[
%

Parameter

Value

1 Origin Bruker BioSpin Gmb
2 Solvent DNSO

3 Temperature 297.9

4 Number of Scans 69

5 Spectrometer Frequencyl00. 62
6 Nucleus 13C

5.0

110.119
109.840
107.854

40.599
40.390
40.182

9.973
39.765
39.556
39.346

T T T T T T
210 200 190 180 170 160 150 140 130

T
110 100

46

50 40



-115.104

_~-148.175
- -148.231

Paraneter Value
10rigin Bruker BioSpin Gmbt !
2 Solvent DHSO

3 Temperature 297.4
4 Number of Scans 4

5 Spectrometer Frequency376. 52

T T T T T T
-147.0  -1475  -1480  -1485 -149.0 -1495

6 Nucleus 19F
e
\©f/>_0 I, BF4
M
m

T T T T T T T T T T T T T T T T T T
20 10 0 -10 20 -30 40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210

©n Coomes Vano o

82 282825 220% z

06 o6 o6 06 08 B N = 1~ a

/
/
X
P
!

Parameter Value
1 0rigin Bruker] Bio$pin GmbH
2 Solvent DMSO
3 Temperature 1.5
4 Number of Scans 4
5 Spectrometer Frequency400. 15
6 Nucleus 1H
cl 5 .
=0 M BFy
" @
n

1.002
2.00q
0.99%

2,011

T
100 95 9.0 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 2.0 1.5 1.0 05 00 -0.5
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Parameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent DMSO
3 Temperature 1.5
4 Number of Scans 500
5 Spectrometer Frequencyl00.62
6 Nucleus 13C
cl 3 .
=0 N, BFg
' @
Tn

UL

T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0

8822
X-8.802
8.395
Z 360
7873
7.865
7.859
7.852
7.845
7.837
7.830
7.818
7.796
7.719
7.714
7.697
7.692
2500

Parameter Value
1 0rigin Brukerf BioSpin Gmbif
2 Solvent DMS
3 Temperatute 300. 1
4 Number of Scans 2
5 Spectrometer Frequency400. 15
6 Nucleus 1

Br g .
\©:/>_0 My BF4
8

0.97=
2,974
2,01
1.004

T
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 05 0.0
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6 Nucleus

o0 Y
3 a
2 &
o o
g g

I
Parameter Value

1 0rigin Bruker BioSpin Gubl

2 Solvent DMSO

3 Temperature 300.3

4 Number of Scans 76

5 Spectrometer Frequencyl00. 62

13C

Br = .
\C[ =0 Mo BFy
e

130.630
128.085
125.836
124211

— 146.778
— 143.637

é

— 122.660
— 118.145

107.983

40.624
40.414
40.205
39.997
39.788
39.579
39.371

1o
I 1 fh
! | |
L
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
=y EE M UTNONRO S MR RN EE S M9 R— NS
= S5 REREAREGGASTI0SSE SRR 8383 4422
= K6 HEEEEEEREEEEENSCSFFFF M e e
AR G S S A
Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CbC13
3 Temperature 298.4
Axomber f Seans 2 [ 1/ /// / A
5 Spectrometer Frequencyd00. 13
6 Nucleus 1H
SN ]
S
Ja
‘ (S |
| a
g & < L
< ) < <
— = - -
T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0
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Parameter
1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

Value

Bruker BioSpin Gmbl
cnel13

5 Spectrometer Frequencyl00. 62

£

53.728

35.850

6 Nucleus 13C
s
T
3a
Il
NI TR | |
| I
| -
T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 -10
= S5 ONSHRRECIZETEIRLLNnA 22828
< == EhnadAdagadoooQoagu Nl 0N~
N B I e A O A T =RV R I R
N e ORGP
Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 298.2
5 Spectrometer Frequency400. 13
6 Nucleus 1
S, ]
O
3b
| it |
A I | I - A
T Srtareds £ < &
) Sacecanne ) < )
(=] — O = =N O (=] — (=]
T T T T T T T T T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
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175.448
63.421
60.969
55.017
50.904
38.547
38.514

77.373
77.055
76.738

£

52.625

36.037

Parameter Value
1 0rigin Bruker BioSpin GmbF
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 298.1
5 Number of Scans 40
6 Spectrometer Frequencyl00.61
7 Nucleus 13C
SN
AT
3b
il
TR
] I
|
e [
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
=~
g
b
Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Spectrometer spect
3 Solvent CDC13
4 Temperature 298.2
5 Number of Scans 2
6 Spectrometer Frequency376. 46
7 Nucleus 19F
S M l
B O OH
l:}
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -8 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
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Value

Parameter

Bruker BioSpin Gmbll

CDC13

1 0rigin
2 Solvent

3 Temperature

40

5 Spectrometer Frequencyl00. 62

4 Number of Scans
6 Nucleus

13C

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
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Value

Bruker B
cpgi3

/

5 Spectrometer Frequency400.15

6 Nucleus

1.

2

Parameter

10rigin
2 Solvent

3 Temperature

4 Number of Scans

)

=

2.0 1.5 1.0 05 00 -05

2.5

3.0

95 90 85 80 75 70 65 60 55 50 45 40 35

10.0

898°S¢ —

SSLTS —

0¥L9L
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160

Value
Bruker BioSpin Gmbk

cDels
.5
13C
170

180

Parameter
190

5 Spectrometer Frequencyl00. 62
200

1 Origin
2 Solvent

3 Temperature

4 Number of Scans
6 Nucleus

210
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Bruker BioSpin Gmbk

CDC13
298.3

Parameter

1 0rigin

2 Solvent

3 Temperature

4 Number of Scans

5 Spectrometer Frequencyl00. 61

6 Nucleus

13C
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Value
Bruker BioSpin Gmbk

CbC13

Parameter

1 0rigin

2 Solvent

3 Temperature

1024
5 Spectrometer Frequencyl00. 62

4 Number of Scans

13C

6 Nucleus
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Parameter Value
1 0rigin Bruker BioSpin Gmbk
2 Solvent cnel3
3 Temperature 298.2
4 Number of Scans 4
5 Spectrometer Frequency376.46
6 Nucleus 19F
5 N

F O OH

3h

T T T T T T T T T T T T
-80  -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190

10 0 -10 20 -30 -40 -50 -60 -70 =200 -210

2 SE8CTECERATINTERERIBEILI=TEREE SFeeEaLE

B CEREINRIRAaRdis2S888588538RER aRuda]gEn

PpeRe NG SISV I v v s v IR A s B i . 0

SNSRI SRRl i S R A S
Parameter Value
1 origin Bruker BioSpin GubH
2 Solvent cnel3
3 Temperature L5
4 Nunber of Seans 4
5 Spectrometer Frequencyd00,15
6 Nucleus /uﬁm—'. /
I ]
SN l
F,CO ‘ OH
3i
| 11}
w JL o

I L ETE G LS z 'z T

b e < < <

(=1 SO —~ N Al — — — — —
. . . . . . : . . . . . . . . . . . . . . . . .
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Parameter Value
1 0rigin Bruker BioSpin Gmbl
2 Solvent cDC13
3 Temperature 1.5
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
SN l
D
FsCO
3
|
[
[T
|
|
|
I ]
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10
©
-
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=
w
Parameter Value
1 0rigin Bruker BioSpin Gmbt
2 Solvent CnC13
3 Temperature 299.8
4 Number of Scans 4
5 Spectrometer Frequency376.52
6 Nucleus 19F
SN ]
O OH
FiCO
3i
T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210
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3 Temperature 300. 2
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1 0rigin Bruker BioSpin Gubl
2 Solvent cnel3
3 Temperature 298. 1
4 Number of Scans 50
5 Spectrometer Frequency100. 62
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10rigin Bruker BioSpin Gubl{
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10rigin Bruker BioSpin Gubl

2 Solvent cnels

3 Temperature 0.0

4 Number of Scans 80

5 Spectrometer Frequency100. 62

6 Nucleus 13C
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CbCl13
3 Temperature 0.0
4 Number of Scans 4
5 Spectrometer Frequencyl61.98
6 Nucleus 31P
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Parameter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent el
3 Temperature 297.4
4 Number of Scans 16
5 Spectrometer Frequencyl6l. 98
6 Nucleus 31P
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Parameter Value
1 0rigin Bruker BioSpin Gmbi
2 Solvent cnel13
3 Temperature 298. 1
4 Number of Scans 4
5 Spectrometer Frequency400. 15
6 Nucleus 1
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Parameter Value
1 0rigin Bruker BioSpin Gmbf
2 Solvent CcbCl13
3 Temperature 0.0
4 Number of Scans 1024
5 Spectrometer Frequencyl00. 62
6 Nucleus 13C
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent cDCl13
3 Temperature 298. 2
4 Number of Scans 10
5 Spectrometer Frequency100. 62
6 Nucleus 13C
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Parameter Value
1 0rigin Bruker BioSpin GubH
2 Solvent CDC13
3 Temperature 298. 1
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Parameter Value

10rigin Bruker BioSpin Gmbli

2 Solvent CDC13

3 Temperature 298.2

4 Number of Scans 2048

5 Spectrometer Frequencyl00. 62

6 Nucleus 13C
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