


Supplementary methods

All reactions were maintained under a nitrogen atmosphere unless othestaisd.
Commercially available reagents were used without further purification. InfraretR{FSpectra
were recorded on a BRUK®TR-NME spediXwerg Gecordedmma &
BRUKER AVANCE Il HD (400 MHz) spectrometer. Chemical shifts aeparted in ppm from
tetramethylsilane with the solvent resonance as internal standardCDQli 7 . 26 ) .
reported as follows: chemical shift, multiplicity£ssinglet, d = doublet, t = triplet, g = quadruplet,
br = broad, m = multiplet), coupling constants (Hz) and integrafi@NMR spectra were
recorded on a BRUKER AVANCE Ill HD (100 MHz) spectrometer with complete proton
decoupling. Chemical shifts are refgml in ppm from tetramethylsilane with the solvent resonance
as the internal standard (CRCI U  7'%F-NMIR jpectra were recorded on a BRUKER

AVANCE Il HD (376 MHz) spectrometer. Mass spectra were measured with an Agilent

Technologies 6120 QuadrupoleC/MS. High resolution mass spectrometry (HRMS) were
measured with a GCT Premiérand BRUKER micrOTRQ Ill. Melting points were measured
using INESA WRR and values are uncorrected.

Reaction conditions survey

photocatalyst
4 + Ph———SO,Ph — > Ph%SOZPh
Solvent, Np,

hv or heat

5 6a 7a
Entry Heat o hv Photocatalyst Solvent Yield (%)
1 5 W Blue LEDs - CH:CN 14
2 14 W Blue LEDs - CH:CN 26
3 30 W Blue LEDs - CH:CN 23
4 2x 50 W Blue LEDs - CHsCN 30
5 14 W CFL - CHsCN 27
6 2 x50 W Blue LEDs - DCM <10
7 2 x50 W Blue LEDs - DMF <10
8 2 x50 WBIue LEDs - DMSO 0
9 2 x50 W Blue LEDs - EA <10
10 2 x50 W Blue LEDs - acetone 30
11 2 x50 W Blue LEDs - THF 45
12 2 x50 W Blue LEDs Ir(ppy)s THF 26
13 2 x50 W Blue LEDs EosinY THF 60
14 2 x50 W Blue LEDs | EosinY (2Na) THF 58
15 40°C - THF 39
16 50°C - THF 57
17 60°C - THF 52

Dat a



18 80°C - THF 40

CO,Et
EtO,C
+ e ———
4 /\/SOzPh SO,Ph

Solvent, Ny,
5 8a hv or heat 9a

Entry Heat or hv Solvent Yield (%)
1 14 W CFL - 36
2 14 W CFL CHsCN 35
3 2x 50 W Blue LEDs CH3CN 40
4 2 x50 W Blue LEDs THF <10
5 2 x50 W Blue LEDs DCM <10
6 2 x50 W Blue LEDs DMF <10
7 2 x50 W Blue LEDs MeOH <10
8 2 x50 W Blue LEDs PhMe 0
9 2 x50 W Blue LEDs EA 0
10 40°C - 0
11 60°C - 27
12 60°C CH:CN 25
13 60°C THF <20
14 60°C MTBE <20
15 60°C DCE <20
16 60°C i-PrOH 20

General procedure for synthesis of starting materials

Propellane5 was prepared according to the following general procedyralkynylation
reagentss were prepared according to the following general proceBuralylation reagent8
were prepared according to the reported procetlare$ 12 was prepared according to the
reported procedures.

1. H. Liu, L. Ge, D:X. Wang, N. Chen, and C. Ferfgngew. Chem. Int. E2019,58, 3918.
2. J. C. Namyslo, and C. Stanitz&ynthesis2006,20, 3367.

General procedure A Synthesis oPropellanes

2.02 equiv. MeLi

Br. i
>A<C| (1.6 M in CH,(OEt),) % +  CHiBr
Br Et,0, -78 °C, N,
Cl
A 5




A 250 mL flamedried round bottom flask under nitrogen (balloon) was chargedAw(th45
g, 15 mmol) and drgiethyl ether(10 mL). The reaction was cooled -8 °C. MeLi (18.94 mL,
30.3 mmol, 1.6M in diethoxymethane) was added slowly via syringe and stirred at the same
temperature for 15 min. Then the reaction temperature was allowed to waf@ &m@ stirred for
2h in an ice bath to form propellarie After reaction completionthe flip plug on the reaction
bottlewas replaceavith a vacuum distillation un&nd a vacuum was slowly applied to the system
and the distillate collected, while maintaining the reactionfidistin flask below 0°C.
Approximately 30 mL of distillate was collected with an estimated concentration from following
QuantativetH NMR Experiment

Quantitative'H NMR Experiment!H NMR spectrum analysis was done by adding ag50
aliquot of the distlate by syringe to a NMR tube, followed by a %O0L addition of
dichloromethane (internal standard) and tban0.5 mL CDC}. 'H NMR spectrum indicates a
molar ratio of propellane:dichloromethane to be 1:14, which would correspond to a 0.371 M of
propellane. The distillate was stored in @Oreezer until use it.

General procedure B Synthesis of alkynylation reageréts

n-BuLi R2SSR? m-CPBA
J— J— —_— 1 2
R1: > R1 —1j > R1TSR2 R'— SOzR
THF THF DCM

To a stirred solution of terminal alkyne.@lequiv) in THF (20 mL) was adden-BuLi (2.4
M solution inTHF, 1.0 equiv) at-78°C. The reactiomixture was stirred a78°C for 1 h. Then
the correspondingisulfane (10 equiv) was adde@ndthe reaction mixtureontinue to stir at78
oC for 1 h. Wherthe reaction was completed as determined by TLC, the mixture was quenched
with a saturated aqueous NEI solution (10 mL) and then extracted wjatroleum ether (36
mL). The organic phase was washed by brine, dried oveS8aand concentrated in vacubhe
residuewasdissolved inDCM (20 mL) without purification and+CPBA (3.0 equiv.) was added
into the mixturesolutionat 0°C. The reactiommixture was stirredintil complded To the solution
was addedsaturated aqueoudaHCQ; solution and stirred for 1 h until no gas was produced.
Then the mixture was extracted with DCM (35 mL) and the organic phase was washed by
brine, dried over N&Os and concentrated in vacuo. Pudtion of the residue by column
chromatography gave the corresponding alkynylation reagents

General procedure for synthesis of alkynylallyl, and cyanofunctionalized BCPs

Alkynyl functionalized BCP¥ were prepared according to the following general procedure
C, allyl functionalized BCP8 were prepared according to the following general procddyaad
cyano functionalized BCPK was prepared according to the following general procddure

General procedure C Synthesis of alkynyl functionalized BCPs

Eosin Y
4 + R'—=——S0,RZ ——> R1:7&502R2
THF, Ny hv

5 6 7
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Propellanés (0.2 mmol, 1.0 equiv.), alkynylation reageft§0.4 mmol, 2.0 equiv.), Eosin Y
(0.004 mmol, 0.02 equiv.), and THF (1.0 mL) were loaded in a sealed tw®s oitrogen
atmosphere. Then the mixture was stirred>ab@ W Blue LEDs until the reaction was completed.
The resultant solution was concentrated, and purified by flash column chromatography on silica
gel (ethyl acetate/ petroleum ether) to give the corresponding praduct

General procedure D Synthesis of allyfunctionalized BCP8

RS

R3
+ —_—
4
& )\/SOZR CH3CN, Ny, hv MSOzR“
5 8

9

Propellanes (0.2 mmol, 1.0 equiv.), allylation reagei®$0.3 mmol, 1.5 equiv.), and GBN
(1.0 mL) were loaded in a sealed tube under nitrogen atmosphere. Then the mixture was stirred at
2 x 50 W BIue LEDs until the reaction was completed. The resultant solution was concentrated,
and purified by flash column chromatography on silica gel (ethyl acetate/ petroleum ether) to give
the corresponding produ@t

General procedure E Synthesis of cyano fictionalized BCP40

Eosin Y
4 + N=—Ts ——m N= Ts
Ny hv

5 10

Propellanes (0.2 mmol, 1.0 equiv.), tosyl cyanide (0.4 mmol, 2.0 equiv.), and Eosin Y (0.004
mmol, 0.02 equiv.) were loaded in a sealed tube under nitrogen atmosphere. Then the mixture was
stirred at2 x 50 W Blue LEDs until the reaction was completed. The resultant solution was
concentrated, and purified by flash column chromatography on silica gel (ethyl acetate/ petroleum
ether) to give the corresponding prodliat

Gram-scalepreparation: Propellanes (5.0 mmol, 1.0 equiv.), tosyl cyanidé.0 mmol, 1.2
equiv.), and Eosin Y (0.004 mmol, 0.02 equiv.) were loaded in a sealed tube under nitrogen
atmosphere. Then the mixture was stirred>a62 W Blue LEDs until the reaction was completed.
The resultant solution was concentrated, and purified by flash column chromatography on silica
gel (ethyl acetate/ petroleum ether) to give the corresponding pro@ircthe yield of 91% with
1.1237g

General procedure forproduct transformations

EtO,C
CO,Et K2CO
Ts NHBoc acetone, Ny, rt _>—C02Et
BocHN
9a 12 13

To a solution of compoun@a (0.15 mmol, 1.0 equiv.) and2K03(0.072 mmol, 0.48 equiv.)
in acetone (1.0 mLY.2(0.165 mmol, 1.1 equiv.) was added. The reaction mixture was stirred at rt
for 7 h under Ar atmosphere. Aftfiltration to remove precipitate, the solvent was evaporated and



the residue was purified by flash column chromatography to give the corresponding fpBduct

o)
(1) DIBAL-H L(-)-10-Camphorsulfony! chlorid o
o -)-10-Camphorsulfonyi chloriae / \
s oN Et2o, -40 °C Ts NH2 cat. DMAP u/A\\\ S//=O
j k (2) NaBH, % & CHACN, 0°C NH
EtOH, rt Ts

10 14 15

The DIBAL-H (1.5 M in toluene0.3 mmol, 1.5 equiv.) was added the compoundl10 in
EtO (1.0mL) at-40°C. The reaction mixture was stirred for 3 h and then Na®H mmol, 3.0
equiv.) was added. After 10 min, the EtOHQ(mL) was added to the solution carefully. The
reaction mixture was allowed to warm to roc@mperature and stirred overnight then diluted with
EtO (10.0mL), extracted with 1 M HCI. The combined acidic extracts were made basic (pH > 13)
with 15% NaOH (aq.) and extracted with &Hb. The combined organic extracts were dried over
NaSQs and concentrated to give the crude andite

A solution of L{)-10-Camphorsulfonyl chloride0(2 mmol, 1.0 equiy) in CHzCN (0.5 mL)
was added dropwise undep kb a stirred solution of the amirfet (0.2 mmol, 1.0 equiy) and
DMAP (0.04mmol, 0.2 equiy) in CHzCN (1.0 mL) at 0°C. The solution was stirred for 1 h and
water (50 mL) was then added, followed by 10% H@IrfL), and the resulting mixture was
extracted with EtOAc (3 20 mL). The organic layers were combined, washed with 5% aqueous
NaOH 6 mL) and dried over anhydrous Mg&Qhe solvent was evaporated and the residue was
purified by flash column chromatography to give the corresponding prb8uct

Characterization of starting materials

¢

0 0 6a yellow solid, m.p.5859 °C. 'H NMR (400 MHz, CDCj)
g 8.10-8.05 (m, 2H),7.71-7.65(m, 1H), 762-7.56 (m, 2H), 7.52-7.43 (m
©/ X 3H), 7.397.32 (m, 2H)*C NMR (100 MHz, CDGJ) U 8,13u.2,.
132.7, 131.6, 129.4128.7, 127, 1178, 935, 853. F1 R: 3) (cm
2977, 29302899, 2179 1446, 1328,1228 HRMS [ESI] calcd for
C14H100-SNa[M+Na]* 265.0294 found265.0298

00 6b: yellow solid, m.p.81-82 °C. 'H NMR (400 MHz, CDCJ) U
g 8.027.97 (m, 2H),7.62-758 (m, 2H), 754750 (m, 2H),
/©/ X 7.497.43 (m 1H), 7.387.33 (m, 2H), 1.36 (s, 9H}*C NMR
'‘Bu (100 MHz, CDC}) U 158 1328, 131.8 828.7, 127.3,
1265, 118.0, 8.0, 85.6, 3%, 311. FT-I R: -3) 3061c 2863
2870, 2174, 1590 1488, 1444,1366, 1293 HRMS [ESI] calcd forCigH1g0.SNa [M+Na]*
321.0920found321.0928
00 6c: yellow solid, m.p.74-75°C. 'H NMR (400MHz, CDCk) U

8.037.98 (m, 2H),7.547.49 (m, 2H), 749743 (m, 1H),

/©/ \@ 7.397.33 (m 2H), 7.0%7.02 (m, 2H), 3.90 (s, 3H¥*C NMR
MeO U

(100 MHz, CDCY) U 164 1327, 1314 329, 1287,
1181, 114.6,92.5, 89, 55.8. FFl R: -3 3006; 28712182



1592, 1574 1489, 1443,1417, 1328, 1230 HRMS [ESI] calcd for CisH1203SNa [M+Na]*
295.0399found295.0401

[y

6d: white solid, m.p.79-80 °C. *H NMR (400 MHz, CDCJ)

g 7.987.94 (m, 2H), 754750 (m, 2H), 750744 (m, 1H),
/©/ \© 7.41-7.34 (m 4H), 2.47 (s, 3H)*C NMR (100 MHz, CDGJ)
Me

[y

145.4, 13.0, 132.7, 135, 130.0, 12§, 127.5, 118.0,3.0, 85.6,
218. FT-I R: 3 3071c 28582865,2179 1594 1486, 1444,
1323 1291,1229 HRMS [ES]] calcd forCisH120,SNa[M+Na]* 279.0450 found279.0457

6e brown solid, m.p.46-47 °C. 'H NMR (400 MHz, CDCJ)
Me N 7.897.84 (m 2H), 7.527.41 (m 5H), 7.38-7.30 (m, 2H), 2.44(s,
\©/ AN 3H); 13C NMR (100 MHz, CDCk) U 6,139.8,.135.1, 132.7,
\© 131.6, 129.3, 128.7, 127.6, 184117.8, 933, 85.5, 214. FT-IR:
3 (Hc 2888, 2920 2170 1582, 1446 1325, 1292, 1230
HRMS [ESI] calcd forCisH1202SNa[M+Na]* 279.0450 found279.0458.

el

6f: yellow solid, m.p.58-59°C. *H NMR (400 MHz, CDCJ) 812 (d,

0. 0
g J = 8.0 Hz 1H), 7.58-7.44 (m, 4H), 743-7.34 (m, 4H), 2.83 (s, 3H)

@ X 13C NMR (100 MHz, CDG) U 7,11389,. 134.2, 132.8, 132.8,
Me 131.6, 1288, 1287, 1266, 1179, 92.0, 85.1, 20.1. FI R: 3 (cm

3068, 29612179, 1593, 1442, 13201294, 1226 HRMS [ESI] calcd
for C1sH120.SNa[M+Na]* 279.0450 found279.0444

6g: yellow solid, m.p.64-65 °C. 'H NMR (400 MHz, CDCJ) a
8.148.07 (m, 2H), 756745 (m, 3H), 742734 (m, 2H),
/©/ X 7.327.23 (m 2H); 5C NMR (100 MHz, CDCJ) 166.1 (dJcr =
F 255.7 Hz),137.9 (d,Jcr = 3.1 Hz) 1.8 13L.7, 130.5 (d,Jor =
9.9 Hz) 128.8 117.7, 116.8 (d,Jcr = 22.6 Hz) 937, 852; 1F

NMR (376 MHz CDCk) -102.2(s). FTFI R: 3 3041c 28482178 1587, 1486, 1442, 1405,
1328,1287, 1225 HRMS [ES]I] calcd foIC1sHsFOSNa[M+Na]* 283.0199 found283.0198

6h: yellow solid, m.p.91-92 °C. 'H NMR (400 MHz, CD&) U
8.047.99 (m, 2H), 760-755 (m, 2H), 7557.46 (m, 3H),
/©/ X 7.41:7.35 (m 2H); 3C NMR (100 MHz, CDG)) G 143,.0, 140.
Cl 132.8, 1318, 1298, 129.0, 1288, 1177, 94.0, 851. FT-I R: 3
(cnml) 3092, 2988 2179 1559, 14881471, 13941327, 1229,
HRMS [ESI] calcd foiC14HsCIO-SNa[M+Na]* 298.9904 found298.9895

6i: white solid, m.p.106-107 °C. 'H NMR (400 MHz, CDC4) U
g 7.967.91 (m 2H), 7.767.70 (m 2H), 754745 (m, 3H),
/©/ X 7.41-7.34(m, 2H); 13C NMR (100 MHz, CDGJ) 1408, 132.8,
Br 1328, 131.8, 129.6, 120, 1288, 117.6, 94.1, 85.0. FT R: 3
(cntl) 3082, 2971, 2902, 2182 1570, 1467, 1442, 1384334



HRMS [ESI] calcd forCi14HoBrO,SNa[M+Na]* 342.9399 found342.9389.

00 6j: yellow solid, m.p57-58 °C. 'H NMR (400 MHz, CDC{) ®1-755
Pt (m, 2H), 7.547.48 (m, 1H), 7.44.37 (m, 2H), 3.3Qs, 3H); 13C NMR
Me™ (100 MHz, CDC4) 1329, 131.8, 128.8, 113,916, 84.4, 46.8. F1 R:
(cnTl) 3025, 2923 2184, 1694, 1488, 144, 1411, 1306, 1262, 1232

HRMS [ESI] calcd for @HsO-SNa [M+Na] 203.0137, found 203.033

oo 6k: yellow oil. *H NMR (400 MHz, CDCJ) 66-7562 (m, 2H),
Me\/\\S// 7.51:7.45 (m, 1H), 7.407.35 (n, 2H), 3.27 (q,) = 7.6 Hz, 2H), 1.49 (t,
X = 7.6 Hz, 3H)33C NMR (100 MHz, CDCJ) 1829, 131.8, 128,
\© 117.5, 92.582.7, 52.8, B. FT-| R:  3) 298k 2941 2181, 1489
1444, 1322, 1283 1231 HRMS [ESI] calcd for GoH100.SNa [M+Naf
217.0294, found 217.089

00 6l: yellow oil. *H NMR (400 MHz, CDCY)  19-754 (%, 2H),
N\
7.537.47 (m, 1H), 7.4%.36 (m, 2H), 3.28.21 (m, 2H), 2.04..95
M S (m, 1H) (m, 2H) (m, 2H)
N (m, 2H), 1.12(t, J = 7.6 Hz 3H); 3C NMR (100 MHz, CDC})
1329, 131.7, 128.8117.6, 923, 834, 60.0, 16.8, 18. FT-l R:

(cnml) 3336, 2974, 2928, 2884, 1456, 1328, 12ARMS [ESI]
calcd for GiH120.SNa [M+Na] 231.0450, found 231.025

o0 6m: white solid, m.p.81-82 °C. *H NMR (400 MHz, CDCY)
g’ 8.108.05 (m, 2H),7.71-765 (m, 1H), 762756 (m, 2H),
©/ X 7.447.39 (m 2H), 7.197.15 (m, 2H), 2.37 (s, 3H¥C NMR
(100 MHz, CDC§) U 5,149 1341, 132.7, 129.5, 129,
Me 1274, 114.7,98,84.9,21.8. F R: -3 3064 20202176,

1745, 16051508, 14451330 1247. HRMS [ESI] calcd forCisH120.SNa [M+Na]* 279.0450
found279.0449

00 6n: yellow solid, m.p.52-53 °C. *H NMR (400 MHz, CDCY)
bt 8.108.05 (m, 2H), 7.71-7.65 (m, 1H), 763756 (m, 2H),
©/ \©/Me 7.357.30 (m, 2H), 729721 (m, 2H), 2.32 (s, 3H); 13C NMR
(100 MHz, CDC) U 14 1 1®32, 13823 B326, 129.9,
129.4, 128.61274, 117.6, 9.0,85.0,21.1. F R: % 3063
292Q 2170, 1582, 14471325,1292 HRMS [ESI] calcd forC;sH120,SNa [M+Na]* 279.0450
found279.0456

60 yellow solid, m.p.45-46 °C.*H NMR (400 MHz, CDCJ)
g 8.108.05 (m, 2H), 7.71-764 (m, 1H), 763755 (m, 2H),
©/ X 7A47-7.41(m, 2H), 722-7.17 (m, 2H), 2.65 (q,J = 7.6 Hz, 2H,
1.21 (t,J = 7.6 Hz,3H); 13C NMR (100 MHz, CDC4) 1487,
Bt 142.0,134.1, 13®, 1294, 128.3, 127.3, 114.9, 94.3, 84.9, 29.

felq
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151. FT-I R: -3) 298& 28722901, 2171, 1604, 1501, 1446331, 1310HRMS [ES]I] calcd
for C16H140.SNa[M+Na]* 293.0607 found293.0601

o 6p: yellow solid, m.p.60-61 °C. *H NMR (400 MHz, CDC{) U
s 8.098.03 (m, 2H),7.697.63 (m, 1H), 762-7.54 (m, 2H),
©/ X 7.487.42 (m 2H), 6.896.83 (m, 2H), 3.81 (s, 3H¥C NMR
(100 MHz,CDCl) & 16 2 132.7, 134.0,228, 1273,
OMe 1145 1094, 94.7, 84.6,55.5. FT R: %) 2976; 2834, 2900

2173 1602, 1507, 14211322, 1300,1255 HRMS [ESI] calcd forCisH1,0sSNa [M+Na]*
295.0399 found295.0400

o)

\ 7/

00 6q: yellow solid, m.p.111-112°C. *H NMR (400 MHz, CDC) U
i34 8.108.05 (m, 2H), 7.71-764 (m, 1H), 762756 (m, 2H),
©/ X 7487.43 (m, 2H), 741-7.36 (m, 2H), 1.29 (s, 9H)°C NMR
(100 MHz, CDCl)  185.5, 12.0, 1341, 1327, 1294, 127.3,
‘Bu 1258 114.7, 93, 84.9, 3%, 3L.0. FT-| R: ) 3061 2989

2916, 2174, 1600, 14841447, 14061329, 1292 HRMS [ESI] calcd forCigH1s0,SNa[M+Na]*
321.0920 found321.0918

00 6r: yellow solid, m.p.98-99 °C. *H NMR (400 MHz, CDX) U
g 8.148.09 (m, 2H), 7.73-767 (m, 1H), 765754 (m, 8H),
©/ X 7497.42 (m, 2H), 742-7.36 (m, 1H); 3C NMR (100 MHz,
CDClk) 1#4.4,1419, 139.4, 134.2, 133, 1295, 1291, 128.5,
Ph  127.4,127.3,122,1165,93.7,85.9. F R: ¥ 3077 2888

2916 2173,1600, 14851447, 14051329, 1309 HRMS [ESI] calcd forCaoHis02S [M+H]*
319.0787 found319.0789

o) 6s yellow solid, m.p.77-78 °C. 'H NMR (400 MHz, CDCY) a
S 8.11-8.06 (m, 2H), 7.757.69 (m, 1H), 767-759 (m, 6H); 13C
©/ X NMR (100 MHz, CDC}) 141.3, 134.6133.1, 1.1 (q,JcF =
32.9 Hz) 129.5 127.6 125.7 (g,Jc-r = 3.7 Hz) 123.3 (q,Jc.F =
CFs 271.0 Hz) 121.7 (9,dcF = 1.2 Hz), 90.987.1; *%F NMR (376

MHz, CDCk) -68.3(s). FT-l R: 3) 3Q7L 2071 2185 1449, 1407 1318, 12431225
HRMS [ESI] calcd foiCisHoFs0,SNa[M+Na]* 333.0168 found333.0166

@)

\ 7/

o 6t: yellow solid, m.p.92-93°C. 'H NMR (400 MHz, CDC))
S 11 8.108.05 (m, 2H), 8.05.99 (m, 2H), 7.73-7.67 (m, 1H),
©/ X 7.64-7.55 (m, 4H), 3.91 (s, 3H}3C NMR (100 MHz, CDGJ)
U 165.8, 1414, 1345, 132.7, 132.5, 129, 129.5, 1278,

COMe 1222 91.7, 83, 52.6. FFl R: 3) 3068 #923 2855

2177, 17181434, 14041330, 1281 HRMS [ESI] calcd forCieH120sSNa [M+Na]* 323.0349
found323.0347

@)

\ 7/



00 6u: yellow solid, m.p.44-45°C. 'H NMR (400 MHz, CDC))
g 8.098.04 (m, 2H), 772765 (m, 1H), 763756 (m, 2H),
@ X 7547.48 (m, 2H), 7.09-7.01(m, 2H): *C NMR (100 MHz, CDGJ)
(i 164.4 (dJor = 253.6 Hz), 141.6135.1, 134.8 (d, Jor = 89.5 Hz)
F 1295 127.4 116.4 (d,Jor = 22.4 Hz) 114.0 (d,Jor = 3.6 H2)

92.4 8.3 (d,Jor = 1.6 H2);F NMR (376 MHz, CDG)) -1D4.3(s). FT-l R: %) 310% m
3074 2181, 1598, 1504 1477, 1446, 13391228 1215 HRMS [ESI] calcd for CiHeFO,SNa

[M+Na]* 283.0199 found283.0208

00 6v: white solid, m.p.69-70 °C. 'H NMR (400 MHz, CDC)) a
h4 8.108.04 (m, 2H), 773767 (m, 1H), 764757 (m, 2H),
©/ X F 739727 (m, 2H), 7.23-7.13 (m, 2H); 13C NMR (100 MHz, CDG))
0162.1 (dJcr=247.5 Hz), 141.5134.5, 130.6 (d,Jcr = 8.4 Hz)
129.5 128.7 (d,Jcr = 3.4 Hz),127.5 119.6 (d,Jcr = 8.6 Hz)
119.5 (d,Jcr = 23.6 Hz) 119.2 (d,Jck = 21.0 Hz) 91.5 (d,Jcr = 3.5 Hz) 85.9;°F NMR (376
MHz, CDCk) -110.9(s).FT-I R: -3 3077¢ 306022187, 1506, 14731442, 14021313 1236
HRMS [ESI] calcd foiC14HsFOSNa[M+Na]* 283.0199 found283.0206

00 6w: white solid, m.p. 7576 °C. *"H NMR (400 MHz, CDC)) a

g F  8.11:8.04(m, 2H), 773-7.66 (M, 1H), 763-7.56 (M, 2H), 752-7.42 (m,

©/ X 2H), 719713 (m, 1H), 7.12-7.06 (m, 1H); *C NMR (100 MHz,

CDCl) 168.5 (dJor = 255.6 Hz), 141.61.34.4, 134.2, 1.8 (d,Jcr

= 8.4 Hz) 129.5 127.5 124.5 (d,Jcr = 3.7 Hz) 116.1 (d,Jc.r = 19.7

Hz), 107.0 (d,Jc.r = 14.9 Hz) 89.8 (d,Jcr = 3.5 Hz) 87.2;1%F NMR (376 MHz, CDGJ) -1i06.2

(s). ET-l R:  3) 3076; 29882187, 1488, 14461334, 1309,1246 HRMS [ESI] calcd for
Ci1sHoFO,SNa[M+Na]* 283.0199 found283.0199

iy

o 6x: white solid, m.p.96-97 °C. 'H NMR (400 MHz, CDG))
S 8.108.05 (m, 2H), 7.73-7.67 (m, 1H), 764758 (m, 2H),
©/ X 7.497.43 (m 2H), 7.387.34 (m, 2H) 13C NMR (100 MHz,
CDCk) U 6,13B2, 134.3, 13.0, 1295, 129.2, 127.5, 118,
Cl 921,862 FT-I R: 3)308%; 29492184 1589, 14881446,

1330,1222 HRMS [ESI] calcd foiC14HoCIOSNa[M+Na]* 298.9904 found298.9893

0)

\ 7/

o 6y: yellow solid, m.p.69-70 °C. 'H NMR (400 MHz, CDCJ)
S 8.108.05 (m, 2H), 7.74768 (m, 1H), 765759 (m, 2H),
©/ X Cl 7.527.49 (m 1H), 7.477.40 (m, 2H), 7.359.29 (m 1H); 13C
NMR (100 MHz, CDCY) U 5,1134T, 134.4, 132.4, 131.9,
1309, 1301, 129.5, 127.5119.6,91.3, 8@ FT-| R: 3 306% m

2925 2189 1561, 15081473, 14081325 1292 HRMS [ESI] calcd forC14HsCIO.SNa[M+Na]*
298.9904 found298.9892

iy

o)

\ 7/



cc

o0 0O 6z yellow solid, m.p.56-57 °C. *"H NMR (400 MHz, CDCJ)
R Cl  8.128.08 (m, 2H)7.73-7.67 (m, 1H), 764-7.57 (m, 2H), 7.56.7.52 (m
©/ X 1H), 7.437.37 (m, 2H), 7.30.24 (m, 1H)13C NMR (100 MHz,
CDCk) U 14113231343 732.6, 129.129.4, 1275, 126.8,
118.4,90.0 895. FT-| R: ¥ 3066 28542183 1584, 14691446,

1324,1228 HRMS [ESI] calcd foiC14HsCIO-SNa[M+Na]* 298.9904 found298.9895

00 6aa white solid, m.p.98-99 °C. *H NMR (400 MHz, CDCJ)
g 8.168.11 (m, 2H), 8.05 (s, 1HY.83-7.74 (m, 3H), 7.72-7.66 (m,
©/ X 1H), 765758 (m, 2H), 7587.49 (m, 2H), 745(dd,J = 8.4, 1.6
OO Hz, 1H); 3C NMR (100 MHz, CDCk) 1419, 134.4, 138,

1342, 1324, 1295, 128.6, 128.5, 128, 128.0, 127.4, 127.3,

1149, 94.1, 8%. FT-I R: 3) 3063 208222181, 1506, 14481397, 12581215 HRMS [ESI]
calcd forCigH130,S [M+H]* 293.0631 found293.0627

el

o 6ab: brown solid, m.p. 7273 °C. 'H NMR (400 MHz, CDC)) a
S 8.098.04 (m, 2H),7.72-7.65 (m, 1H), 763-7.56 (m, 2H), 750 (dd, J =
©/ X S 4.8,0.8 Hz1H), 748745 (m, 1H), 7.04 (dd,J = 4.8, 3.6 Hz1H);3%C
\ /~/  NMR (100 MHz, CDC{) 1417, 1373, 1343, 132.4, 129.4, 127.8,
127.4,117.3,89.0,87.7. ATR : ¥ 2971¢ 28022159, 1446, 1411
1327, 1231HRMS [ESI] calcd forC12HsOS:Na [M+Na]* 270.9858 found270.9863

0]

N\

00 6ac yellow solid, m.p.5859 °C. '"H NMR (400 MHz, CDCY) a
g 8.088.03 (m, 2H),7.75-7.71 (m, 1H), 7.70-7.64 (m, 1H), 7.61-7.54(m,
©/ X _ 2H), 733-7.28 (m, 1H), 7.16-7.12 (m, 1H); 13C NMR (100 MHz,
__ S CDCk) 141.7, 13®, 1343, 1298, 1295, 1274, 126.7, 117.0, 88,
853.FT-1 R: -3 31(2 28692185 2167, 1474, 1446, 1329, 1291
HRMS [ESI] calcd forCiHsO2S:Na [M+Na]* 270.9858 found270.9865

o 6ad: colorless oil *H NMR (400 MHz, CDC) 81037.99 (m, 2H),

S 7.69-7.64 (m, 1H), 760-7.54 (m, 2H), 1.121.04 (m 3H), 1.01 (d,J =

©/ \S_ oy, 64 Hz 18H); 13C NMR (100 MHz, CDGJ) U 1, 1342, 1293,

'(Prs 1272, 100.9, 10G, 18.3, 10.8. FI R: 3) 2946, @867 1730,

1584, 14631448, 13341284, 1259 HRMS [ESI] calcd forCi17H260,SSiNa[M+Na]* 345.1315
found345.1309

o)

\ 7/

SO,Ph 8a yellow solid, m.p.101-102°C. *H NMR (400 MHz, CDC{) 7.787.72 (m,
SO,Ph 4H), 7.69-7.60 (m, 2H), 755-7.47 (m, 4H), 6.67 (d J= 0.8 Hz, 1H), 6.52 (d]
= 1.2 Hz, 1H), 4.06 (s, 2H}C NMR (100 MHz, CDGJ) 189.5, 13, 137.8,
134.3, 1341, 131.2, 12%, 129.3, 128.5, 128.4, 24.FT-1| R: 3) 3368 2977, 29302902
2159, 2028, 1447, 1383304 HRMS [ESI] calcd forCisH1404S,Na [M+Na]* 345.0226 found
345.0216



o 8b: yellow solid, m.p.91-92 °C. 'H NMR (400 MHz, CDCJ)
120 7.797.70 (M, 4H),7.67-7.61 (m, 1H), 754748 (m, 2H), 7.207.14
/©/ )\ (M, 2H), 6.69 (dJ = 1.2Hz, 1H), 6.5-6.54(m, 1H), 4.6 (d, J = 1.2
F SO,Ph  Hz, 2H);1%C NMR (100 MHz, CDCl)  166.2 (d,Jes = 256.1 Hz),
139.5, 13B, 13%4.1, 133.6 d, Jor = 3.0 Hz) 13L.6, 1315 (d, Jor =
4.3 Hz) 1295, 128.4, 116.7 @, Jor = 22.6 Hz) 544; 1F NMR (376 MHz,CDCl) -1D2.0(s).

FT-1 R: 3 336% 28772929, 29022160, 2029, 1976508, 14891383 1327. HRMS [ESI]
calcd forCisH1sFOsS;Na [M+Na]* 363.013] found363.0130

8c: white solid, m.p.125126 °C. *H NMR (400 MHz, CDGJ)
“/O 7.777.71 (m, 2H)7.66-758 (m, 3H), 754-7.46 (M, 2H), 7.327.26
/@)\ (m, 2H), 6.68 (s1H), 6.2 (s, 1H), 4.04 (s, 2H), 2.44 (s, 3H)C
50,Ph NMR (100 MHz, CDCY) 145.4,1396, 1379, 134.8 1.9, 131.1
130.0, 1294, 18,5 128.5 542, 21.7 FT-| R: ) 2906 2022,

1974, 1449, 1307, 1296HRMS [ESI] calcd for CieH160sS:Na [M+Na]* 359.0382 found
359.0387

8d: colorlessoil. *H NMR (400 MHz, CDC{) 71887.82 (m, 2H),
u/o 7.66-7.60 (m, 1H), 7.567.50 (m, 2H), 6.50 (sLH),5.90(s, 1H), 4.15(s,

@)\ 2H), 4.00(q, J = 7.2 Hz, 2H), 1.16(t, J = 7.2 Hz, 3H); 3C NMR (100
co,Et MHz, CDCl) 184.7, 138, 1339, 1333, 129.1, 129.0, 128.615,

9

u

u

57.5, 4.0 FT-I R: 3) 306% 29862938 2180, 1716, 1630, 1447,

1415 1369, 1308,1247. HRMS [ESI] calcd for Ci2H1404SNa [M+Na]* 277.0505 found
277.0514

8e white solid, m.p.4546 °C. 'H NMR (400 MHz, CDC})
“/O 7.757.69 (m, 2H),7.357.29 (m, 2H), 6.49 (s 1H), 5.89 (s, 1H),

/©/ ;l\ 4.13(s, 2H) 4.02(q, J = 7.2 Hz, 2H), 2.43 (s, 3H), 117, J= 7.2
CO,Et Hz,3H);*C NMR (100MHz, CDCk) 164.8, 1449, 1355, 133.2,

-

u

129.6, 129.2, 128.8, &,.576, 21.6, B.0. FT-l| R: 3) 298% m

293Q 1713, 1628, 1597, 1463445, 1312 1290, 1240. HRMS [ESI] calcd forCiaH1704S
[M+H]* 269.0842 found269.0848

o 8f: white solid, m.p.32-33 °C. 'H NMR (400 MHz, CDCj)
g//o 7.777.72 (m, 2H),7497.44 (m, 2H), 6.47 (s 1H), 5.89 (s, 1H),
/©/ )\ 4.13(s, 2H) 4.00(q, J = 7.2 Hz,2H), 1.14(t, J = 7.2 Hz,3H); 13C
Cl CO,Et NMR (100 MHz, CDC{) 164.6, 140.6, 136.8, 133.5, 130129.3,
128.9, 616, 57.5, 4.0 FT-I R: 3) 339& 2077 2935, 2159,

2033, 1975, 1704, 1572, 1476328 1247. HRMS [ESI] calcd forCi2H1aClOsSNa [M+Na]*
311.0115found311.0123

-

u



Characterization of products

7a 36.9 mg, 60% yield, yellow solid, m.p. 115116 °C.
Purification by flash column chromatography (eluent:

0.0
R // EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,CDCly)
©/ G 887.85(m, 2H), 771-7.65 (m, 1H), 7.617.55 (m 2H),
7.387.34 (m, 2H), 7.37.24 (m, 3H)2.37 (s, 6H):°C NMR

(100MHz,CDCY) 0 136. 5, 133128.69128.6113813, 122.2,85.2,82.4, 54.7, 53.1,
28.7. FFI R: 3)298828V2 2901, 1445 1406, 1394, 1301, 1250, 1230. HRMS [ES]I] calcd
for C16H1602SNa[M+Na]* 331.0763 found331.0762

7hb: 41.3 mg, 57% yield, white solid, m.p.197-198 °C.
Purification by flash column chromatography (eluent:

0.0
\\S’/ // EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,

/©/ CDCl) 79775 (m, 2H), 759754 (m, 2H),
By 7.387.33 (m 2H), 7.307.23 (m, 3H)2.37 (s, 6H) 1.35

(s, 9H) *C NMR (100 MHz, CDG) 167.8, 133, 131.7, 128.5, 128, 128.3, 126.2, 123,
85.4, 824,547,532, 35.3, 311, 28.6. FFl R: -3 29692802 1595 1365 1304 1293 1269
HRMS [ESI] calcd foiC23H240.SNa[M+Na]* 387.1389 found387.1382

7c. 32.4mg, 48% yield, yellow solid, m.p.130-131°C.
o i@/@ Purification by flash column chromatography (eluent:
\\S’/ // EtOAc/Petroleum ether = 10). *H NMR (400 MHz,
/©/ CDCl) U81-775 (m, 2H), 739734 (m, 2H),
MeO

7.317.24 (m 3H), 7.057.00 (m, 2H), 3.89 (s, 3H),
2.35(s, 6H);*C NMR (100 MHz, CDGJ) 163.9, 131.7, 136, 128.5, 128.3, 128.0, 1221145,
85.4, 824, 55.7, 547, 53.3, 28.6. F1 R: 3 298802872 2901, 1593,1490, 1407, 1394,1292,
1250 HRMS [ESI]calcd forCaoH160sSNa[M+Na]* 361.0869 found361.0871

7d: 38.6 mg, 60% vyield, white solid, m.p.164-165 °C.
Purification by flash column chromatography (eluent:
\\S// // EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
CDCly) 0747869 (m, 2H), 736731 (m, 4H),
Me/©/ 7.287.22 (m 3H), 2.43 (s, 3H)2.33 (s, 6H);"*C NMR
(100 MHz, CDC}) 144.9, 133, 131.7, 129.9, 128.6,
128.5, 128.3, 123, 854, 824, 54.7, 52, 28.6, 217. FT-I R: 3) 29882872 2901, 1450

1406, 1394, 1300 1230. HRMS [ESI] calcd for C2oH180.SNa [M+Na]* 345.0920 found
345.0916

7e 20.0 mg, 31% yield, yellow solid, m.p. 113114 °C.
o0 Purification by flash column chromatography (eluent:
g Z EtOAc/Petroleum ether = 10). *H NMR (400 MHz, CDCJ) Ui
©/ 768763 (m, 2H), 749742 (m, 2H), 739734 (m, 2H),
Me

7.31-7.24 (m, 3H), 2.45 (s, 3H)2.37 (s, 6H);:3C NMR (100



MHz, CDCk) 4 139. 57,1317 $29.4, 128.8, 323.128.3, 125.8, 123, 85.3, 82.4,
548, 53.1, 28.6, 24. FT-1 R: 3) 29882872 2901, 1406, 1394, 1250, 1229 HRMS [ESI]
calcd forCyoH180.SNa[M+Na]* 345.0920 found345.0907

7f. 33.2 mg, 51% yield, white solid, m.p. 100101 °C.
oo Purification by flash column chromatography (eluent:
W Z EtOAc/Petroleum ether = 10). 'H NMR (400 MHz, CDCJ)
@ U 97(dd,J=7.6, 1.2 Hz1H), 750 (ddd,J = 7.2, 7.2, 1.2 Hz
Me 1H), 7.387.29 (m 4H), 7.287.22 (m, 3H), 2.64 (s, 3HR.37
(s, 6H);13C NMR (100 MHz, CDGJ) 189.1, 134.7, 138,
1328, 131.7, 13.0, 128.5, 128.3, 128, 122.2, 853, 82.3, 549, 536, 285, 20.9. FFl R: 3 (cm
2988 2972 2901, 1406, 1394, 1301, 1251, 1230. HRMS [ESI] calcd forCyoH160.SNa[M+Na]*
345.0920found345.0912

79 42.9 mg, 66% vyield, white solid, m.p.163-164 °C.
o i@/Q Purification by flash column chromatography (eluent:
W Z EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
O CDCl)  82-7B5(m, 2H), 740-7.34 (m, 2H), 7.337.22
F

(m, 5H), 2.37 (s, &H); *C NMR (100 MHz, CDC)) U

166.0 (d,Jcr = 255.1 Hz) 1.6 (d,Jcr = 3.2 Hz) 13L.7,
131.4 (qJcr = 9.5 Hz),128.6,128.3,122.1, 116.7 (d,Jor = 22.5 Hz) 85.1, 82.6, 547, 532, 288;
19 NMR (376 MHz, CDG)) -1D3.0(s). FTl R: 3) 2988 29722901 1589 1489, 1405,
1394, 1310, 1234HRMS [ESI] calcd forCieH1sFO,SNa[M+Na]* 349.0669 found349.0684

7h: 34.2 mg, 50% yield, white solid, m.p.190-191 °C.
Purification by flash column chromatography (eluent:
O\\S//O Z EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
/©/ CDClk)  82-778(m, 2H), 758753 (m, 2H), 7.397.34
Cl

(m, 2H), 7.31:7.24 (m, ), 2.37 (s, 6H):13C NMR (100

MHz, CDCk) U 8 1360 1318, 1301, 1297, 128.6,
128.3, 122, 85.0, 82.6, 58, 53.1, 28.8. F1 R: ) 30053014 227, 1582, 1474, 1392,
1306, 1276, HRMS [ESI] calcd forCieH15CIO-SNa[M+Na]* 365.0373 found365.0379

7i: 41.0 mg, 54% vyield, white solid, m.p.202-203 °C.
Purification by flash column chromatography (eluent:

0 0
W Z EtOAc/Petroleum ether = 10). *H NMR (400 MHz,

CDClk) &2 (s74H), 739734 (m, 2H), 732-7.24 (m,

Br 3H), 2.37 (s, 6H)C NMR (100 MHz, CDG) 185.6,

132.6, 1318, 130.1, 1291, 128.6, 128.3, 122.1, 85.0, 82.6,%431, 28.8. FFl R: 3)298& m
2972 2901, 1406, 1394, 1385 1306 1250, 1230. HRMS [ESI] calcd for Ci9H15BrO>SNa
[M+Na]* 408.9868 found408.9869

7j: 33.3 mg, 68% vyield, white solid, m.p. 126127 °C.
o0 Purification by flash column chromatography (eluent:

\\S// //
Me”



EtOAc/Petroleum ether =4).'H NMR (400 MHz, CDCJ) @4-788 (m, 2H), 734-7.26 (m,
3H), 2.85 (s, 3H)2.54 (s, 6H);**C NMR (100 MHz, CDGJ) 181.8, 1287, 1284, 122.1, 85.0,
82.5, 54.9, 52.4, 37.7, 28.2. #TR:  3) 2988 2872 2901, 1407, 1394, 1291, 1251, 1230
HRMS [ESI] calcd foiC14H140.SNa[M+Na]* 269.0607 found269.0605

7k: 39.5 mg, 76% yield, white solid, m.p. 113114 °C.
00 Purification by flash column chromatography (eluent:
Me. ¥, FZ EtOAc/Petroleum ether = 8).'H NMR (400 MHz, CDCY) i
744-7.38(m, 2H), 735-7.26 (m, 3H), 2.98 (g,J = 7.6 Hz 2H),
255 (s, 6H) 1.40 (t,J = 7.6 Hz 3H); ¥*C NMR (100 MHz,
CDCl) 181.8, 1287, 1284, 1222, 85.1, 82.3, 53, 51.7, 44.8, 28.6, 6.1. ITR: 3 298& m
2972 2901, 1490, 1446,1335, 1296, 1230, 1207. HRMS [ESI] calcd forCisH160.SNa[M+Na]*
283.0763found283.0759

71: 30.2 mg, 55% yield, white solid, m.p. 118119 °C.
Purification by flash column chromatography (eluent:
EtOAc/Petroleum ether =3).'H NMR (400 MHz, CDCJ)

a 447.39 (m, 2H), 733-7.27 (m, 3H), 2.952.89 (m,2H),
254 (s, 6H) 1.951.84 (m, 2H), 1.1Gt, J = 7.2 Hz 3H); 13C
NMR (100 MHz, CDC¥) 0 13 1. 84, 1222285.1,682.3, 322%.0, 28.5, 15.2, 13.
FT-I R: 3)296% 2926, 2876, 1489, 1449, 1336, 1313, 1276, .1989S [ESI] calcd for
Ci16H180-.SNa[M+Na]* 297.0920 found297.0911

\//

Me/\/s

AN

Me 7m: 39.8mg, 62% yield, white solid, m.p.143144°C.
Purification by flash column chromatography (eluent:

Q0 / EtOAc/Petroleum ether = 10). *H NMR (400 MHz,
S =

CDCL) U90-7B6 (m, 2H), 772-7.66 (m, 1H),

7.627.56 (m 2H), 7.30-7.24 (m, 2H), 7.12.06 (m, 2H),

2.37 (s, 6H) 2.33 (s, 3H)**C NMR (100 MHz, CDG) a
138.7, 136.6, 139, 131.6, 129.2, 129, 1286, 1191, 846, 826, 54.7, 53.1, 28, 215. FT-l R: 3
(cnml) 2988 2972 2901, 1447, 1406, 1394, 1302 1251, 1230. HRMS [ESI] calcd for
CooH1802SNa[M+Na]* 345.0920 found345.0917

7n: 32.8mg, 51% vyield, yellow solid, m.p.103-104 °C.
Purification by flash column chromatography (eluent:

O\\S/P = Me EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
©/ CDCk) 189784 (m, 2H), 770764 (m, 1H),
761754 (m, 2H), 720 (s, 1H), 7.187.13 (m, 2H),

7.137.07(m, 1H), 2.36 (s, 6H), 2.29 (s, 3H¥C NMR (100 MHz, CDCJ) 188.0, 136.6, 133.9,

132.3, 12%, 1293, 1288, 128.6, 128.2, 120, 849, 82.6, 54.7,53.1,28.7, 2LFT-l R: % (cm
2988, 2972 2901, 1406, 1394 1382, 1303,1251, 1230. HRMS [ESI] calcd forCaoH140.SNa
[M+Na]* 345.0920 found345.0906



Et 70 34.8 mg, 52% vyield, yellow solid, m.p.76-77 °C.
Purification by flash column chromatography (eluent:

0,0 y EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
S CDCk)  89-7B4(m, 2H), 770-7.64 (m, 1H), 7.61-7.55
(m, 2H), 7.307.26 (m, 2H), 7.1F.08 (m, 2H), 2.62 (q

= 7.6 Hz 2H), 2.36 (s, 6H) 1.20 (t,J = 7.6 Hz 3H);*C
NMR (100 MHz, CDC4) 145.0, 1365, 1339, 131.7, 129.2, 128.6, 187.119.3, 84.5, 82.6, 54.7,
53.1, 28.8, 18. FT-| R: 3) 29882871 2901, 1447, 1406, 1394, 1304 1250 1230. HRMS
[ESI] calcd forCzi1H2002SNa[M+Na]* 359.1076¢ found359.1074

OMe 7p: 45.7mg, 68% yield, white solid, m.p.133-134 °C.
Purification by flash column chromatography (eluent:

Q, 0 P EtOAc/Petroleum ether = 10). '"H NMR (400 MHz,
S 7

CDCl)  U887B4 (m, 2H), 7.707.64 (m, 1H),

7.607.54 (m 2H), 7.327.27 (m, 2H), 6.88.77 (m,

2H), 3.78 (s, 3H)2.35 (s, 6H);*C NMR (100 MHz,
CDClz) 1898, 136.6, 133, 133.2, 129.2, 128.6, 114.2,410, 839, 824, 553, 54.7, 531, 28.8.
FT-1 R: 3) 2971 2918, 1604,1508 1446, 1394, 1303 1287, 1244. HRMS [ESI] calcd for
Co0H1803SNa[M+Na]* 361.0869 found361.0865

709: 45.7 mg, 63% yield, white solid, m.p.177-178 °C.

{
2 Purification by flash column chromatography (eluent:
Q.0 _ EtOAc/Petroleum ether = 10). ‘H NMR (400 MHz,
S 7 CDCl)  B9-7B4(m, 2H), 7.70-7.63(m, 1H), 7.60.7.54
©/ (m, 2H), 7.29 (s, 4H)2.36 (s, 6H) 1.28 (s, 9H)}3C NMR

(100 MHz, CDC4) 1619, 136.6, 133.9, 135, 1293,
128.6, 125.3, 119, 846, 826, 548, 53.1, 34.8, 31.1, 28.8. HT R : 3) 2988 2972 2901,
1448 1406, 1394, 1305 1251, 1230. HRMS [ESI] calcd for Co3H240,SNa[M+Na]* 387.1389
found387.1392

Ph 7r: 44.4 mg, 58% yield, white solid, m.p.158159 °C.
Purification by flash column chromatography (eluent:

QR Y EtOAc/Petroleum ether = 10). *H NMR (400 MHz,
S CDClk)  81-7B6(m, 2H), 7.71-7.65(m, 1H), 7.627.54
(M, 4H), 7.547.49 (m, 2H), 7.467.40 (m, 4H), 7.3.32

(m, 1H), 2.39 (s, 6H);%C NMR (100 MHz, CDG) U
141.3, 14@, 1366, 133.9, 132, 1293, 128.9, 128.6, 127.7, 127.0, 121.1, 85.948%4.8, 532,
28.8. FFl R: 3) 2988 @072 2901, 1485 146, 1302, 1210 HRMS [ESI] calcd for
CasH200,SNa[M+Na]* 407.1076 found407.1072

CF, 7s 49.5mg, 66% yield, white solid, m.p.136:137 °C.
Purification by flash column chromatography (eluent:
0,0 Y EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
S

ol



CDCk)  897B4(m, 2H), 7.71-7.64 (m, 1H), 7.627.55 (m 2H), 7.557.50 (m, 2H), 7.4§.43
(m, 2H),2.38 (s, H); 13C NMR (100 MHz, CDGJ))  86.51.34.0, 13.0,130.2 (g,Jcr = 32.5
Hz), 1293, 128.6,126.1,125.2 (q,Jc.r = 3.6 Hz) 123.8 (q,JcF = 270.7 Hz) 87.7, 81.1, 547, 532,
285; 1%F NMR (376 MHz,CDCL) -62.9(s). FFl R:  3) 3073 29292852 1611, 1448,
1322,1305 1210 HRMS [ESI] calcd forCaoH1sF:0.SNa[M+Na]* 399.0637 found399.0631

COyMe  7t: 58.5mg, 80% yield, white solid, m.p.171-172°C.
Purification by flash column chromatography (eluent:

O\\SP y EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
©/ CDCl)  7-7B2 (m, 2H), 789784 (m, 2H),
7.717.65 (m 1H), 7.627.55 (m, 2H), 7.45.39 (m,

2H), 3.89 (s, 3H)2.38 (s, 6H);13C NMR (100 MHz, CDC)) 166.4, 1365, 134.0, 1317, 129.8,
1295, 1293, 128.6, 126.9, 88.2, 8.54.7, 5%, 523, 286. FT-| R:  4) 29882072, 291,
1718, 1405 1394, 1304, 1273 1252 1230. HRMS [ESI] calcd for CaiH1s0:SNa [M+Na]*
389.0818found389.0818

7u: 45.6 mg, 70% vyield, white solid, m.p.108109 °C.

i Purification by flash column chromatography (eluent:
0,0 _ EtOAc/Petroleum ether = 10). 'H NMR (400 MHz,
S Z CDClk)  897B4(m, 2H), 7.71-7.64 (m, 1H), 7.627.55
©/ (m, 2H), 7.377.31 (m, 2H), 7.06.93 (m, 2H),2.36 (s,

6H); 13C NMR (100 MHz, CITls) 162.6 (dJor = 248.5
Hz), 136.5 133.9, 13.7 (d,Jor = 8.4 Hz),1293, 128.6, 18.3 (d,Jcr = 3.5 Hz) 115.6 (d,Jcr =
22.0 Hz) 850 (d, Jor = 1.2 Hz) 81.4, 547, 531, 286: 19F NMR (376 MHz, CDG)) -1110.3(s).
FT-I R:  3) 29882072 2902, 1506, 147, 1406, 1394, 1302, 1223, HRMS [ESI] calcd for
CioH1sFO-SNa[M+Na]* 349.0669 found349.0666

7v: 37.0 mg, 57% vyield, white solid, m.p.103104 °C.
Purification by flash column chromatography (eluent:

0.0
3% = P EtoAc/Petroleum ether = 10). 1H NMR (400 MHz,
©/ CDClk) 89784 (m, 2H), 771-7.64 (m, 1H), 761-7.54

(m, 2H), 726-7.20 (m, 1H), 7.16-7.11 (m, 1H), 7.086.96
(m, 2H), 2.37 (s, 6H); 13C NMR (100 MHz, CDCJ) 162.3 (d,Jcr = 245.5 Hz),136.5, 133.9,
129.9 (d,Jer = 8.7 Hz) 1293, 128.6, 127 (d,Jcr = 3.0 Hz) 124.1 (d,Jor = 9.4 Hz) 118.6 (d,
Jor = 22.7 Hz) 116.0 (dJor = 21.0 Hz) 86.2, 81.2 (d,Jcr = 3.5 Hz) 547, 531, 285; 19F NMR
(376 MHz, CDC§) -112.7(s).FT-l R: -4 3074; 28202852 1608, 15781478, 14471432,
1302, 1229HRMS [ESI] calcd forCieH1sFO,SNa[M+Na]* 349.0669 found349.0672

7w: 50.7 mg, 78% yield, white solid, m.p. 135136 °C.
Purification by flash column chromatography (eluent:

O\\S,P FZ EtOAc/Petroleum ether = 10). 'H NMR (400 MHz, CDCJ)
©/ F o 88783 (m, 2H), 770763 (m, 1H), 761-7.54 (m, 2H),
7.387.32(m, 1H), 7.31-7.23(m, 1H), 7.08-6.98(m, 2H), 2.38

(s, 6H); 3C NMR (100 MHz, CDGJ))  162.9 (d,Jor = 250.1 Hz),136.5 133.9, 133.7, 130.3 (d,



Jocr = 7.9 Hz2),129.3 128.6 124.0(d, Jc-r = 3.7 Hz) 115.5(d, Jc.r = 20.8 Hz) 110.8(d, Jc-F =
15.5 Hz) 90.3(d, Jc-r = 3.2 Hz) 75.9, 54.853.2 28.7. *°F NMR (376 MHz, CDGJ)) -1110.0(s).
FT-I R: 3) 2988, @972 2901, 1490, 1445 1312, 1303,1229 HRMS [ESI] calcd for
Ci1gH16FO:S [M+H]* 327.0850 found327.0843

c| 7x 41.1 mg, 60% yield, white solid, m.p.159160 °C.
Purification by flash column chromatography (eluent:

Q.0 y EtOAc/Petroleum ether = 10). *H NMR (400 MHz,
S CDCk)  887B3(m, 2H), 7.70-7.64(m, 1H), 7.61-7.54
(m, 2H), 7.31:7.22 (m, 4H),2.36 (s, 6H);3C NMR (100

MHz, CDCk) 186.5, 134.6, 133.9, 3%, 1293, 1287,
128.6, 120.7, 88, 814, 54.7, 53.1, 28.6. FT R:  3) 20882072 2901, 1485, 1447, 1406,
1394, 1303 1250, 1230. HRMS [ESI] calcd forCiH1sCIO-SNa [M+Na]* 365.0373 found
365.0374

7y: 38.9mg, 57% vyield, yellow solid, m.p.117-118 °C.
Purification by flash column chromatography (eluent:

O O
% = Cl EtoAc/Petroleum ether = 10). H NMR (400 MHz,
©/ CDCL)  887B4(m, 2H), 771-7.65(m, 1H), 7.617.55

(m, 2H), 7.367.34 (m, 1H), 7.29.24 (m, 1H), 7.2&.17
(m, 2H), 2.36 (s, 6H);3C NMR (100 MHz, CDGJ) 1865, 1342, 134.0, 131.6, 12®, 129.6,
1293, 1289, 128.6, 12.0, 86.5, 811, 54.7, 53, 28.5. FFl R: ) 2088:2072 2901, 1445,
1406, 1314, 1251, 1230. HRMS [ESI] calcd forCioH1sCIO;SNa [M+Na]* 365.0373 found
365.0379

7z 42.8 mg, 62% vyield, white solid, m.p. 107-108 °C.

Purification by flash column chromatography (eluent:
O\\S/,O = EtOAc/Petroleum ether = 10). 'H NMR (400 MHz, CDCY)
Cl & 887.84(m, 2H), 770-7.64 (m, 1H), 7.607.54 (m 2H),
©/ 7.39 (dd,J=7.6, 1.6 Hz1H), 7.34 (ddJ = 8.0, 0.8 Hz1H),
7.22 (dddJ=7.6, 7.6, 1.6 Hz1H), 7.16 (dddJ= 7.6, 7.6, 1.2 Hz1H), 2.39 (s, 6H);}3C NMR
(100 MHz, CDC#) 186.5, 136.0, 133.9, 133.5, 1891293, 128.6, 126.5, 122.2, 90.792,
54.8, 532, 287. FT-I R: -3) 298828172 2901, 1449, 1406, 1394, 1303 1251, 1230. HRMS

[ESI] calcd forCigH1sCIOSNa[M+Na]* 365.0373 found365.0372

7aa 21.3mg, 30% vyield, white solid, m.p.142-143°C.

OO Purification by flash column chromatography (eluent:
@)

), O y DCM/Petroleum ether = 2). ‘H NMR (400 MHz,

S Q CDCk)  U92-7B6 (m, 3H), 781-7.72 (m, 3H),
©/ 7.71-7.65(m, 1H), 763756 (M, 2H), 7.51-7.44 (m, 2H),
740 (dd, J = 8.4, 1.2 Hz 1H), 2.41 (s, 6H); 3C NMR



(100 MHz, CDC}) U 6,13.6,.133, 132.8, 131.8, 129, 128.6, 12&, 128.0, 128, 127.7,
1269, 126.6,1195, 85.6, 82.8, 54.8, 53.288. FT-| R: 3) 3069 29171499, 14461348,
1306, 1204HRMS [ESI] calcd forCaaH100.S [M+H]* 359.1100 found359.1104
ST 7ab: 30.2 mg, 48% vyield, yellow solid, m.p. 130131 °C.
0 0 =~ Purification by flash column chromatography (eluent:
4 Z DCM/Petroleum ether = 2).'H NMR (400 MHz, CDCJ) U
©/ 789783 (m, 2H), 7.71-7.64 (m, 1H), 761-7.54 (m, 2H), 722
(d, J=5.2 Hz 1H), 7.16-7.13 (m, 1H), 6.93(dd,J = 4.8, 3.6
Hz, 1H), 2.36 (s, 6H); 3C NMR (100 MHz, CDG) U4 13 6. 55, 12933128.69127.4] 3 2 .
127.0, 122.2, 89.1, 75.8, 58.532, 28.7 FT-l R:  3) 2988 29722901, 1406, 13941302,
1225 HRMS [ESI] calcd forCi7H140-S,Na [M+Na]* 337.0327 found337.0333

— 7ac 19.4 mg, 31% vyield, yellow solid, m.p. 135136 °C.

00 / S Purification by flash column chromatography (eluent:
\ /,

©/\s’ Z DCM/Petroleum ether = 2).'H NMR (400 MHz, CDCJ) @

S

7.89-7.84 (m, 2H), 7.71-7.64 (m, 1H), 761-7.54 (m, 2H), 7.39

(dd,J = 3.2, 1.2 Hz1H), 7.23 (dd,J = 5.2, 3.2 Hz, 1H), 7.03
(dd,J = 4.8, 0.8 Hz, 1H), 2.35 (s, 6HfC NMR (100 MHz, CDGJ) 1866, 133.9, 12%, 129.3,
1293, 128.6, 125.4, 121.2, 8.777, 54.7, 53.1, 28. FT-| R 3) 3107¢28021, 2851, 1446,
1356 1301, 1214 HRMS [ESI] calcd forCi7H140.S,Na [M+Na]* 337.0327 found337.0325

oo Si(Pr), 7ad: 32.9 mg, 42% yield, white solid, m.p. 60-61 °C.
\\S//\Q/ Purification by flash column chromatography (eluent:
©/ EtOAc/Petroleum ether = 16). 'H NMR (400 MHz, CDCJ)
U 887.81(m, 2H), 769-7.62 (m, 1H), 7.597.51 (m 2H),
2.29(s, 6H) 1.030.97 (m, 21H)!3C NMR (100 MHz, CDGJ) 1866, 133.8, 122, 1286, 1033,
84.0,54.8, 528, 28.6, 18.5, 11. FT-1 R: ¥ 2971c2820, 1605,1508 1447, 1394, 1303 1244
HRMS [ESI] calcd forCz:H320,SSiNa[M+Na]* 411.1784 found411.1789

0 9a: 68.2mg, 88% yield, yellow oil. Purification by flash column
\ 7/

0]
SW chromatography (eluenBCM/Petroleum ether 2/1).'H NMR
©/ S0,ph (400 MHz, CDCY)  B4-778 (m, 4H), 7687.60 (m, 2H),

7.587.50 (m 4H), 6.37 (s, 1H)5.68 (s, 1H), 2.50 (¥2H), 1.85

(s, 6H);'*C NMR (100 MHz, CDG)J) a 146. 9, 138. 4, 13®a4,1386, 133.

128.4, 125.9, 51.4, 50.8, 38.1, 31.1-FR: %) 3360c28v3 2883 1448 1380 1305. HRMS
[ESI] calcd forCaoH2004S5Na [M+Na]* 411.0695 found411.0689

OO0 9b: 59.9 mg, 74% vyield, yellow oil. Purification by flash
\W/
\SW column chromatography (eluenRBCM/Petroleum ether =
/©/ s0,ph  21.'H NMR (400 MHz, CDGY)  (B4-779 (m, 4H),
F 7.66-7.60 (m, 1H), 7.567.50 (m 2H), 7.257.19 (m, 2H),
6.37 (d,J = 0.8 Hz 1H), 5.695.66 (m, 1H), 2.50 (s2H), 1.86(s, 6H);3C NMR (100 MHz,

CDClk)  6.9(H, Jor = 254.9 Hz) 146.9,138.4, 133.8, 138(d, Jor = 3.4 Hz) 131.4(d, Jor =
9.4 Hz) 1294, 1284, 126.0, 116.5(d, Jor = 22.5 Hz) 515, 50.8, 38.1, 32; 19F NMR (376 MHz,

8 ’



CDCk) -1D3.4(s). FFl R: -3 337602876 2920, 2159, 2027, 1976,590, 1493, 1447, 1306,
1288, 1236. HRMS [ESI] calcd forCzoH10FO:S:Na [M+Na]* 429.0601 found429.0595

O\\//O 9c: 48.9mg, 61% yield, yellow oil. Purification by flash
S column chromatography (eluerCM/Petroleum ether =
/©/ th 2/1). '"H NMR (400 MHz, CDGJ) 83-778 (m, 2H),
Me 769765 (m, 2H), 7.657.59 (m 1H), 7.567.49 (m, 2H),
7.357.30 (m, 2H), 6.36 (d) = 0.8 Hz 1H), 5.67 (dJ = 0.4 Hz 1H), 2.49 (s2H), 2.44 (s, 3H),
1.83(s, 6H);*3C NMR (100 MHz, CDGJ)  46.9 144.7,138.4, 133.8, 137, 129.8 1293, 1286,

128.4, 125.9 514, 507, 380, 311, 21.7. FT-l R: 3) 2908 2918, 2882, 1596 1447, 1300,
1287. HRMS [ESI] calcd forC21H2304S, [M+H]* 403.1032 found403.1036

00 9d: 25.6 mg, 40% yield, colorless oil Purification by flash

R column chromatography (eluent: EtOAc/Petroleum etherl§)1/
©/ Wﬁt 1H NMR (400 MHz, CDCY) 85780 (m, 2H), 767-7.60 (m,
1H), 7.57-7.50 (m, 2H), 6.16 (sLH), 5.47 (s, 1H), 4.16 (G} =
7.2 Hz 2H), 2.54 (s 2H), 1.88(s, 6H) 1.27 (t,J = 7.2 Hz 3H); 3C NMR (100 MHz, CDC)) U
166.6, 13.0, 136.8, 133%, 1291, 1286, 127.1, 60.9, 55, 50.7, 38.6, 8.0, 142. FT-l R: 3 (cm
3379, 2977, 2980, 2902 2159, 2022, 19751457, 1384, 1304, 1240. HRMS [ESI] calcd for
Ci17H200:SNa[M+Na]* 343.0975 found343.0966

O\\//O 9e 13.9mg, 21% yield, colorless oil Purification by flash
S columnchromatography (eluent: EtOAc/Petroleum ether =
/©/ Wﬁt 1/10). '"H NMR (400 MHz, CDCJ) /2-768 (m, 2H),
Me 7.357.30 (m, 2H), 6.16 (d,J = 1.2 Hz 1H), 5.47 (s, 1H),

4.16 (9,J = 7.2 Hz 2H), 2.54 (s2H), 2.44 (s, 3H), 1.87s, 6H) 1.27 (tJ = 7.2 Hz 3H); 13C NMR
(100 MHz, CDC}) 166.6, 144.5, 136, 134.0, 129.7, 128.6, 127.0, 60.9, 51.57588.5, 3.0,
21.6, 142. FT-I R: 4) 29882819 1713, 1631, 15971448, 1300, 1238. HRMS [ESI] calcd
for CrgH220sSNa[M+Na]* 357.1131 found357.1132

O\\//O of: 29.6 mg, 42% vyield, yellow oil. Purification by flash
S column chromatography (eluent: EtOAc/Petroleum ether =
/©/ Wﬁt 1/10). *H NMR (400 MHz, CDCY) w8773 (m, 2H),
Cl 754748 (m, 2H), 6.17 (s, 1H), 5.47 (s, 1H), 4.16 (@=

7.2 Hz 2H), 2.54 (s 2H), 1.88(s, 6H) 1.27 (t,J = 7.2 Hz 3H); 13C NMR (100 MHz, CDC)) U
166.5, 1404, 136.7, 135, 130.0, 129.4, 122, 60.9, 51.5, 5@, 38.7, 33.9, 1 FT-l R: % (cm
2990 2917 2881 1713, 1631,1583, 147/, 1394 1310, 1237. HRMS [ESI] calcd for
C1/H1ClOsSNa[M+Na]* 377.0585 found377.0578

O\\//O N 10: 43.5 mg, 88% yield, white solid, m.p. 194195 °C.

S ~  Purification by flash column chromatography (eluent:

/©/ \@/ EtOAc/Petroleum ether = 10). 'H NMR (400 MHz, CDCJ) U
Me 7.72-7.67(m, 2H), 740-7.34(m, 2H), 2.46 (s 6H), 2.46 (s, 3H);

13C NMR (100 MHz, CDCJ) 145.7, 132.6, 130.2, 128.6, 16554.1, 53.9, 23.5, 21.7. HTR : 3



(crl) 2088 2972 2901, 2233, 1449, 1394 1301 1263 1230. HRMS [ESI] calcd for
Ci3H13NO2SNa[M+Na]* 270.0559 found270.0560

11: 15.9mg, 34% yield, yellow solid, m.p.54-55°C. Purification by

flash column chromatography (eluent: EtOAc/Petroleum ether =
FsC G 1/10). *H NMR (400 MHz, CDCJ)  @4-7B9(m, 2H), 733-7.27

(m, 3H), 2.32(s, 6H);**C NMR (100 MHz, CDG) G 134,. 8, 128.

1283, 1225, 122.4 (q,Jc-F = 273.5 Hz),86.6, 81.3 53.0 (g, Jcr =
2.0 Hz) 39.0 (q,Jcr = 38.4 Hz) 287 (q,Jcr = 1.7 Hz);*°F NMR (376 MHz, CDGJ) -78.0(s).
FT-I R: 3)297% 20825, 2890, 1453, 1443, 1405, 1318, 1HRMS [CI] calcd for C14H11Fs
[M] 236.0813found236.0813

00 13(d.r. = 1:2): 79.1mg, 93% yield, colorless oil
R S /\rCOZEt Purification by flash column chromatography
©/ mt NHBoc (eluent: EtOAc/Petroleum ether =31/*H NMR
(400 MHz, CDC§) 84778 (m, 2H, two
isomery, 766-7.59(m, 1H, two isomer$, 7.56-7.49 (m, 2Htwo isomer}, 5.405.24 (m, 1Htwo
isomers$, 4.494.39 (m, 1Htwo isomer}, 4.17 (q,J = 7.2 Hz 2H, two isomer}, 4.134.02 (m, 2H,
two isomer, 2.982.84 (m, 2H two isomery, 2.742.65 (m, 1Htwo isomer}, 2.622.53 (m, H,
two isomer}, 2.502.41 (m, 1Htwo isomer¥, 1.961.83 (m, 7Htwo isomer}, 1.781.70 (m, 1H,
two isomery, 1.41 (s, 9Htwo isomery, 1.281.18 (m, 6H, two isomers)+3C NMR (100 MHz,
CDCl) 118.7 (twoisomes, overlap), 170.7 (twisomes, overlap, 155.1 (twasomes, overlap),
136.8 (twoisomes, overlap), 133.6 (twasomes, overlap), 129.1 (twesomes, overlap), 128.6
(two isomes, overlap), 80.1 & 77.3 (twisomes), 61.8 (twoisomes, overlap), 61.0 (twsomes,
overlap), 53.4 (twasomes, overlap), 51.4 (twdasomes, overlap), 50.9 (twésomes, overlap),
43.6 & 43.5 (twoisomes), 38.0 (twaisomes, overlap), 35.3 & 35.1 (twisomes), 35.1 & 34.9
(two isomes), 32.6 & 32.6 (twoisomes), 28.3 (twoisomes, overlap), 14.1 (twasomes,
overlap), 14.1 (twasomes, overlap) FT-I R: %) 336% 28792918 2881, 1712, 15001447,
1368, 1303, 125HRMS [ES]I] calcd forC27H3dNOsS,Na [M+Na]* 592.2009 found592.2013

14: 28.6 mg, 57% yield, yellow solid, m.p. 79-80 °C.

O\\S/p NH Purification by flash column chromatography (eluent:
/©/ \g\ ? MeOHDCM = 183).'H NMR (400 MHz, CDC)) ~ T5770
Me (m, 2H), 737-7.31(m, 2H), 2.78 (s, 2H), 2.45 (s, 3H), 1.98,
6H); °C NMR (100 MHz, CDCJ) 14#.6, 133.9, 129.7, 1287, 51.7, 49.9 49.1, 42.621.7. FFIR:
3 (Y3644, 29742919 2881, 1596, 1449 1296, 1230 HRMS [ESI] calcd forCisH1sNO.S
[M+H]* 252.1053 found252.1056

o 15: 44.3 mg, 48% vyield, white solid, m.p.84-85
0 0 (,? o °C. Purification by flash column chromatography
N7/ <
SWN/S (eluent: MeOHDCM = 1/40). 'H NMR (400
H MHz, CDCk)  W3-7B7(m, 2H), 7.36-7.30(m,
Me 2H), 5.395.31 (m, 1H), 3.38.17 (m, 3H),
2.902.83 (1H), 2.44 (s, 3H), 2.4D.31 (m, 1H), 2.2@2.09 (m, 2H), 2.08..95 (m, 1H), 1.99 (s,



6H), 1.941.83 (m, 2H), 1.47..38 (m, 1H), 0.98s, 3H), 0.87 (s, 3H)13C NMR (100 MHz, CDGJ))

0217.4,144.7, 133.7, 129.8 1286, 59.2,51.9, 49.§ 49.7, 49.0, 44.0, 43.0, 42.38.0, 27.0, 26.7,
21.7,19.9, 19.4FT-1 R: 3) 3288 28602921 2884, 1740,1596, 1450, 1310, 1287. HRMS

[ESI] calcd forCosHzNOsS;Na [M+Na]* 488.1536 found488.1538

H, 13C, and F NMR spectra
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Value

Bruker BicSpin GmbH
€DC13

Pazazeter
1 Origin
2 Solvent

3 Tezperaturs 298.1
4 Nusber of Scans 80

5 Spectrometer Frequemcy 100.62
& Nucleus 13€

85319
82.401

7
A

77358
77.041

76723

_~54751
53102

—28.643

—21 363

T
210

T T T T T
200 180 180 170 160 150

7022
7919
7908
789

1518
3-7.515
7,500
L7 496
F7 481
L7 477
7368
L7 340
L7 345

T
140

7340

7338

T
130

T
120

7276

7273
|-7.265

T T
110 100

f1 (ppm)

7200
7256
7253

7247
F7 245

L7229

£

Parameter Value

1 0rigin Bruker BioSpin GmbH
2 Solvent €c1s

3 Temperaturs 208. 1

4 Nuzber of Seans 2

5 Spectrometer Frequency 400. 15

& ¥ucleus H

—2.644

—32370

425+

100—=
110~
3244

309=

611 =

T
10.0

T
8.5 9.0 8.8 8.

=)
1
o
-
=)

8.8

T T
5.0 45
f1 (ppm)

4.0

0.0

T
-0.8
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Parazeter Value
1 Origin Eruker BioSpin GakH
2 Solvent D013
3 Tazperaturs 296.4
4 Yuzber of Scams 30
5 Spactromster Fraquency 100.62
6 Fucleus 13C
o]
1P
: &0 A
Me
K
]
I
T T T T T T T T T T T T T r T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 %0 8 70 60 0 40 30 20 10 ]

f1 (ppm)

28z EELIURYRL RS RRBEY &
e e R N R e e S K B R L}
N A s
Rl it sk |
e
|
[
|
| |
[
J 1
FParameter Value
1 Origin Bruker BioSpin G=bH
2 Solvent CDC13
3 Temperature 298.1
4 Number of Scans 2

5 Spectrozeter Fraquency 400. 15
& Nucleus 1H

#

O
Tq

6.01

T T T T T T
0.0 8.5 9.0 &5 80 75 1.0 65 60 65 50 45 40 35 3.0 2.5 2.0 1.5 L0 05 0.0 0.5
f1 (ppm)
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 286.3
4 Number of Scans 20
5 Spectrometer Frequeney 10062
& Nucleus 13C
1
&
F,@
g [
|
1 1
i l |
- "
, L » Iy UMLK Al
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
f1 (ppm)
P
%
S
o
=)
Farazeter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Tezperature 288. 2
4 Number of Seans 4
5 Spectrometer Frequency 376. 52
8 Nueleus 19F
%o
4 #
F’C
Tg
T T T T T T T T T T T T T T T T T T T T T T J T T
0 10 0 -0 -20 -30 -40 -0 -60 -70 -80 -80 -100 -110 -120 -130 -140 -150 -160 ~-170 -180 ~-180 -200 -210 -
)

f1 (ppm,



Parameter Value
1 0rigin Bruker BioSpin GzbH
2 Solvent De13
3 Temperature 2961
4 Nuzber of Scans 2
5 Spectrozeter Frequency 400. 15
& Yucleus 1H
o]
0.
ie} P

A

—2.370

Th
|
Lo
ot ﬁ
h\\ 'Lr\ H{l?l \I\
cg = e @
883 = 3
1 e e ]
T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 8.5 8.0 4.5 4.0 3.8 2.8 1.5
f1 (ppm)
SRERZEEGR WO =S
R-A— R 2LLER o
R ] o e~ = D o
________ BEEER ]
S SN
Farazeter Value
1 Origin Bruker BioSpin GzbH
2 Solvent coc13
3 Temperature 298.2
4 Nuzber of Scans 11
5 Spectrozeter Frequency 100. 62
8 Nuclens 13C
fo
cl ‘
7h
|
! I
[
T T T T T T T T T T T T T
210 200 150 180 170 160 150 140 130 120 100 90 80 a0 30

f1 (ppm)



—7724
—2371

Farameter Value
1 Crigin Bruker BioSpin Gabi
2 Solvent oc13
3 Temperaturs 286.1
4 Nusber of Scans 2

5 Spectrometer Frequency 400. 15
& Nucleus 1H

\\:
o

qi

_
-

3164

400
207
6.05-=

T T T T T T T
0 95 80 85 &0 15 7.0 66 60 &5 &0 45 40 3.5 30 25 20 L5 L0 0.5 00 -0.5
f1 (ppm)

SeRETEGY T o e e
Wiel — S0 e e e =2 o
R e N ] s ] =+ 0
________ o P &
SR A LGS [ 1
Farameter Value
1 Origin Bruker BioSpin GabH
2 Solvent CDC13
3 Temperature 285. 1
4 Number of Scans &0
5 Spectrometer Frequency 100. 62
& Nucleus 13C
: Lo =
Br
Fi
|
1
T T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10 0

f1 (ppm)
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Farameter Value
10rigin Bruker BioSpin Gmbl
2 Solvent sk
3 Temperature 296.1
4 Number of Scans 2
5 Spectrometer Frequency 400.13
8 Nucleus 1H
1.0 //’,
Me”
7i |
|
A SN Y SR
\',H\I ll\ H
oo v o
=& 2 2
e = 0
T T T T T T T T T T T T T T T T
10.0 9.5 8.0 8.8 8.0 7.6 7.0 6.5 6.0 6.5 5.0 4.5 4.0 3.6 3.0 2.5 Lo 0.5 -0.5
f1 (ppm)
SEBF WO — o w o wy
00— Do D - = f=
] oF e @ T = 5]
o0 09 T ooae e O =+ 3 = w0
mooz %00t P = a
[ SN~ V!
Farameter Value
1 Origin Bruker BioSpin GambH
2 Solvent CDC13
3 Temperature 298.2
4 Fumber of Scans 40
5 Spectrometer Frequency 100,62
& Nucleus 13C
P
Me
7
1
]
|
|
|
. | | :
T T T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 80 0 60 80 40 30 20 10 -1C

f1 (ppm)



7 405
738
7321
7311
1417
{139@
1379

/
X

7422
7418
7.410
3.006
2987
2960
2950

—2.553

Farameter Value
1 Grigin Bruker BioSpin Gebi
2 Solvent [eFak]
3 Tezperature 296.1
4 Fusber of Scans 2

5 Spectrometer Frequency 400.15
& Nucleus H

608
307

T T T T T
10.0 8.5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 5.8 5.0 4.8 4.0 3.8 3 2.5 2.0 1.5 1.0 0.5 0.0 =-0.t

f1 (ppm)

EEBE n=9me - o
D e — — o WD T o f=3 o o0
— 0 00 R = o~ @« o =
R B ] wy — = o
moox o B0 r e nin & o
[T NN~ [N |

Farazeter Valus
10rigin Bruker BioSpin GmbH
2 Solvent €De13
3 Temperature 2882
4 Number of Scans 20
5 Spectrometer Frequency 100.62
& Nucleus 13C

o) e
Me. =
7k

T T T T T T T T T T T T T
210 200 190 180 170 160 160 140 130 120 110 100 90 g0 70 60 50 40 30 20 10 0 -10
f1 (ppm)
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Farameter Value
1 Origin Bruker BioSpin Gebl
2 Salvent coc13
3 Temperature 298.1
4 Fusber of Scans 2
5 Spectrometer Frequency 400.15
& Nucleus H
0
40 d
Me™
7l
]
|
I
il W
1
I
|
I;II\I II I‘i F T -II
oo o ® o o
S5 S 3 = =
e a e I -
T T T T T T T T T T T T T T T T T T T T T T
w0 95 90 &5 80 75 7.0 65 60 85 B0 45 40 35 30 25 20 L6 L0 05 0.0 -0.5
f1 (ppm)
- 2] - o o
A - (G- € oD
—_ o —-= b 1
o Ll Pl o wy e
s jal a8 S oz
| i I N
Parazeter Value ,
1 Origin Exuker BicSpin GabH
2 Solvent coc1z
298.2

2 Tezperaturs

4 Nuzber of Scans

52

5 Spectrometsr Frequency 100. 62

& Nucleus

9.0

Me/\\/s

13C

P

7l

T T T
210 200 180

T
180

T T T
170 160 150

T
140

r T T
110 100 90
f1 (ppm)

T T
130 120



7 890
7877
7872

7 86
7705

7 GRT

7 6068
7611
7.591
7573
7280
7260
702
7082

Farameter
1 0rigin
2 Salvent
3 Temperature
4 Nusber of Scans

Value
Bruker BioSpin GabH
CDC13
286.1
z

5 Spectrometer Frequency 400. 13

237
2332

8 Nucleus 1H
Me
1l
: &2 #
m
1
!
T
[ ' |
‘ L
Wb o i
Tew oo oo
e84 - o (=
R = I G
T T T T T T T T T T T T T T T T T T T T T T
10.0 8.5 9.0 8.5 8.0 7.6 7.0 6.6 6.0 5.8 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 L0 0.5 0.0 0.5
f1 (ppm)
SEE2egd 2 Qomoe o v
L s B R - ] lal=) I =
WOm =8 & e Qe ~ o I =
AR & A T oo =+ LA
ZnZmzZZoT o % e PR a0 @
“EERNVETT LR N/ P
Farameter Value
1 0rigin Bruker BioSpin GabH
2 Selvent CDC13
3 Temperature 295.3
4 Nusber of Scanz 10
5 Spectrometer Frequency 100. 62
6 Nucleus 13C
Me
.0 4

T T T T
210 200 190 180

T T
110 100
f1 (ppm)

T T T T T T
170 160 150 140 130 120 30
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Value
Bruker BioSpin GzbH

CDC13

Parameter

1 Origin

2 Selvent

3 Temperature

4 Number of Scanz

5 Spectrometer Frequency 400. 15

1H

& Nucleus

n

O
609

oo
ﬂmm, I

Tt
00T
ool
561

8.0 4.5

5.5

9.5

10.0

f1 (ppm)

6L 1T—

EELRE—

LOTES~
LELPST

LD
900/ R/
PRE LL

#2928,
ossvs’

mmm,;_
mmm,mm_/
Z19'8T1
LT
2T6T1
[XA Al
mwm,wfuﬁ
106'EE ]
omm,wfx
GEORE]

Value

Farameter

Bruker BioSpin GmbH

CDC13

1 Crigin

2 Salvent

3 Tezperature

1024

5 Spectrometer Frequency 100.61

4 Number of Seansz

13C

8 Nueleus

n

T T T T T T T T
170 160 150 140 130 120 110 100 90
f1 (ppm)

T
180

T
200

T
210
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Value

Farameter

Bruker BioSpin GmbH

CDC13

1 Crigin

2 Salvent

3 Tezperature

4 Number of Seansz

5 Spectrometer Frequency 400.13

1H

8 Nueleus

Et

To

Aot
Aarg
Fatls
Lo
861

-0.5

0o

4.5

5.0

8.8

8.5

10.0

f1 (ppm)

695 [—

PRLBE—

LGONES~
[A4A 43

81494
9L EW
£5E LL
609 E8~7
sesvs/

EEEG1I—
i
7
o]
BI0SEI—

Value
Bruker BioSpin GzbH

CDC13

Parameter

1 0rigin

2 Solvent

3 Tezperaturs

1024

5 Spectrometsr Frsquency 100,61

4 Nuzber of Scanz
& Nucleus

13C

Et

7o

140

-10

40 30 20 10

50

120 110 100 30 80 0

130

200 150 180 170 160 150

210

f1 (ppm)
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Farazeter Valus
10rigin Bruker BioSpin GmbH
2 Solvent €De13
3 Temperature 288.2
4 Number of Scans 2
5 Spectrometer Frequency 400.15
8 Nucleus 1H
OMe
o]
: 80 F
7P
I I
i ik M M | L
o ks ) iy
o= o o o
aSeo @ G =]
—_——— - o o
T T T T T T T T T T T T T T T T T T T T T T
10.0 8.6 9.0 8.5 8.0 7.8 7.0 6.5 6.0 6.6 5.0 4.5 4.0 3.5 3.0 2.8 2.0 1.5 Lo 0.5 0o 0.5
f1 (ppm)
-] soHg S8 vuTgo oo o
~ B8~ o a5 = %o Ao w3 a
o G onoon Oy 00 o e e fe= o «“
[ o oen oA £ = e D Vv e %
e ac o = R S i &
\ NP SN R
Farameter Value
1 0rigin Bruker BioSpin GabH
2 Selvent CDC13
3 Temperature 295.1
4 Nusber of Scanz 50
5 Spectrometer Frequency 100. 62
6 Nucleus 13C
Olle
o]
(I
: =0 #
n
|
1
I
|
| | ll | i _i
Wil Lo i i i [LLL fAn " . T . "
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 160 140 130 120 100 90 80 70 60 B0 40 30 20 10 0 -10

f1 (ppm)



7875

Parazeter
1 Origin
2 Solvent
3 Tezperature
4 ¥usber of Scans

7 R62

7 85T
7853

Value
Bruker BioSpin GmbH
CDC13
296.1
2

5 Spectrozmeter Frequency 400.13

8 Nueleus

7q

1H

Bu

—235

—1.277

~ A L
Ko T iy
T oMo o o
[ R==N- =1 o
—_—rim v o
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 7.5 7.0 6.6 6.0 5.G 5.0 4.5 2.5 1.a 0.0 -0.5
f1 (ppm)
b LEZRIES 00N Py PR
o Rl e - s = 00D D o 0w o
— O o— 00 Vo NN Qe ~ = = —®
= ZDmnmzooz 560 0o 7 i ]
| NP7 NS \Ys [
Parameter Value
1 Origin Bruker BioSpin GabH
I Selvent DC13
3 Temperature 298.2
4 Nusber of 3cans 40
5 Spectrometer Frequency 100. 62
& Nucleus 13C
‘Bu
o
L.
10 P
7q
|
it
1 ! 1 H
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 10 100 30 o -10

f1 (ppm)
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999 L

Value
Bruker BioSpin Gmbl

CDC13

Parameter

1 Crigin

2 Solvent

3 Tesperaturs

4 Nuzber of Scans

5 Spectrometer Frequency 400.15

1H

& Nucleus

Ph

N

it
o=

I

=009

01
%mo,v
Fo0t
2ork
S0l
zcm_

T
8.5

T
10.0

TBLBL—

651 E5~
SBLPS

Lot
o0 RW
ERE L

s
tzessd

s011z1
So,cm_/
Ll
998z
BESI
weezl”,
6LI'EE _%
«_o,mm_\.
PR 9E |
%_,S_%
0E 1P

Value
Bruker BioSpin GazbH

CDC13

Parameter

1 Crigin

2 Solvent

3 Temperzaturs

4 Kuzber of Scans

5 Spectrometer Frequemcy 100.62

13C

& Nucleuz

Ph

120

1560

-10

100 90
f1 (ppm)

110

130

140

200 190 180 170 160

210
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Parameter Value
1 0rigin Bruker BicSpin G=bH
2 Solvent CDC13
3 Temperature 2382
4 Nuzber of Scans 2
5 Spectrometer Frequency 400.15
€ Nucleus 1H
CFy
o
: 80 #
A 1
\‘I
<
g
I
T T T T r T T T r T T T T T T T T T T
0.0 95 9.0 B85 7.0 60 55 60 45 40 36 30 25 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
] O o
=+ o &
- - — T
o = = oo
& AR &
5 N
Faraseter Value
1 Origin Bruker BioSpin GzbH
2 Solvent CDC13
3 Temperature 2981
4 Nuzber of Scans 80
5 Spectrometer Frequency 100.82
8 Nuclens 13C
CF,
[s]
.
: 40 #
I
I
i
I
|
]
I
I
el | l
T T T T r T T T T T T T r T T T T r T T T T
210 200 190 180 10 160 150 130 120 110 100 90 80 70 60 50 ) 30 20 10 0 -0

f1 (ppm)



Parazeter
1 Origin

2 Solvent

2 Tezperaturs

4 Nuzber of Scans

62 870

Value
Exuker BioSpin GzbH
CDC13
298.2
2

5 Spectromstsr Frsquency 376.52

& Nucleus 19F
CFs
ifle} &
7s
T T T T T T T T T T T T T T T T T T T T T T T T T
0 10 0 -0 -20 -30 -40 -0 60 70 -80 -80 -100 -110 ~-120 -130 -140 -150 ~-160 ~-170 -180 ~-180 ~-200 ~-210 -2
f1 (ppm)
AELRREEEE S8 Z 2
ARHNEEBARTF A % =
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(
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I
oyl |
1) J J
Parazeter Valus
1 Origin Eruker BicSpin Gzt
2 Solvent ez
3 Tezperaturs 295.8
4 Nusber of Scans 2
5 Spectrometer Frequency 400.13
& Nucleus 1H
CO:Me
o}
1P
59 7
Tt
1
Iy o ] ‘
k| TR, 1
ljll\{ l-ln\i IU‘ III I‘
dge L a =
—6 = =0 = S
SR - ©
T T T T T T T T T T T T T T T T T T T T T T
0.0 8.5 8.0 85 &0 7.5 .0 66 6.0 6.5 5.0 4.5 40 3.5 3.0 25 2.0 ] 1.0 0.5 0.0 -0.5

f1 (ppm)
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1626T1
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Value
Bruker BioSpin Gmbl

CDC13

Parameter

1 Crigin

2 Solvent

298.2

3 Tesperaturs

4 Nuzber of Scans

5 Spectrometer Frequency 100.62

13C

& Nucleus

CO;Me

Tt

140

-1

40 30 20 10

50

120 110 100

130

200 180 180 170 160 150

210

f1 (ppm)

Valus

Farazmeter

Bruker BioSpin GmbH

CDC13

1 Origin

2 Salvent

3 Tezperature

4 Number of Scans

5 Spectrozeter Frequency 400.15

1H

8 Nucleus

F

Tu

T
-0.8

0.0

=009

4.‘ B
f1 (ppm)

8.0

T
5.5

=0T L

61|
61 [
ool
el
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Parazeter Value
10rigin Bruker BicSpin GzbH
2 Solvent coe13
3 Temperature 298.1
4 ¥usber of Scans 1024
5 Spectrozeter Fraquency 100. 61
& Nucleus 13¢
E
11
L F
Tu
n
[
| H | | |
1
L | | J .
T r T T r T T r T T r T T r T T r T T r T T ]
210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 0 30 20 10 0 -1
f1 (ppm)
=
&
=)
i
Parazeter Value
1 0rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 2982
4 Number of Scans 2
5 Spectrometer Fraqueney 378,52
& Nucleus 19F
F
o}
1.
40 P
7u
)
T T T T T T T T T T T T T T T T T T T T T T r r r
0 10 0 -0 -20 -30 -40 -50 -60 -70 -80 80 -100 ~-110 -120 ~-130 -140 ~-150 -160 ~-170 -180 ~-180 -200 ~-210 -2
)

f1 (ppm,
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Value
Bruker BioSpin GabH

CDC13

Farameter

1 Origin

I Selvent

288.2

3 Temperaturs

4 Nusber of 3cans

5 Spectrometer Frequency 400. 15

1H

& Nucleus

=009

4.5

5.0

5.8

9.5

10.0

f1 (ppm)
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L1 ES~

cvh,ch
mmc,th
SLELL
STE I8
097 18
TZ9%

L9RET1
L1409
EPPRIL
0L9'811
0PI
[ R4 _%.
0E9 LTl
E9°LE _V.
BI198T1
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S6E'6TI

R0 91—
S

Valus
Bruker BioSpin GmbH

CDC13

Farazeter

1 Origin

2 Salvent

298.1

3 Tezperature

4 Number of Scansz

5 Spectrozeter Frequency 100.62

13C

8 Nucleus

Tv

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
210




—-112.741

Farameter Value
1 Crigin Bruker BioSpin GabH
2 Solvent ocl13
3 Temperaturs 288.2
4 Nusber of Scans 4
5 Spectrometer Frequency 376.52
& Nucleus 19F

v

T T T T T T T T T T T T T T T T T T T T T
-0 -20 -30 -40 -850 -60 -70 -80 -80 -100 ~-110 -120 -130 -140 -150 -160 -170 -180 -180 -200 -210 -

=]
o

f1 (ppm)
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Parazeter Value
1 Origin Eruker BicSpin GzkH
2 Solvent DC13
3 Temperaturs 298.1
4 Kusher of Scans 2
5 Spactrometer Fraquency 400. 15
§ Fucleus 1H
.o
5+ //
o "
Tw
(S 1
I‘l I’,II‘\‘ Ifl\l >l;I \-‘i
St o =
cacaoaoagn =1
A <
T T T T T T T T T T T T T T T T T T T T T T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 60 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 L0 0.5 0.0 -0.5

f1 (ppm)
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Parameter Value
10rigin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298.2
4 Number of Scans 80
5 Spectrometer Frequeney 100. 62
& Nucleus 13C
[o]
I
&0 Z
o ]
e
|
n
]
1 |
|
L | - | |
L I \ N
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 10 140 130 120 110 100 80 70 60 50 40 30 20 10 0
f1 (ppm)
4
-3
=)
=
i
Parazeter Value
1 0rigin Bruker BiaSpin GmbH
2 Solvent CDC13
3 Temperature 288. 2
4 Number of Seans 2 I
5 Spectrometer Frequenecy 376.52
& Nueleus 18F
1.0 é
o i
Tw
T T T T T T T T T T T T T T T T T T T T T T J T T
0 10 0 -0 -20 -30 -40 -0 -60 -70 -80 -80 -100 -110 -120 -130 -140 -150 -160 ~-170 -180 ~-180 -200 -210 -
f1 (ppm)



7870
7 848
7673
7654
7.59%
7.576
7.558
729
728
7278
7273
7260
7252
7247
7236
7230

7 852

Parazeter Value
1 Crigin Bruker BioSpin Gmbi
2 Solvent [sruk]
3 Temperature 288.1
4 ¥usber of Scans 2

5 Spectrozeter Frequency £00.15
8 Nueleus M

cl
o}
-0 £

Tx

—2300

il I
o, e T
Be® g
2 =R =]
——— ©
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Farameter Value
1 Crigin Bruker BioSpin GabH
2 Solvent 13
3 Temperature 288.2
4 Nusber of Scans 0
5 Spectrometer Frequency 100. 62
& Nucleus 13C
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