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1. General Information

All reactions were carried out in glassware under ambient atmosphere unless otherwise
noted. Reactions were concentrated under reduced pressure using a rotary evaporator
unless otherwise noted. Commercial reagents, including all of solvents, were used as
received or purified using the methods indicated herein. All of chiral ligands were
obtained from commercial sources.

Chromatography: Analytical thin-layer chromatography (TLC) was carried out with
silica gel pre-coated glass plates. The TLC was visualized with a UV lamp (254 or 365
nm). Flash Column chromatography was carried out on silica gel (200-300 mesh) with
technical grade solvents as the eluent.

Nuclear magnetic resonance (NMR) spectroscopy: NMR spectra were recorded
using CDClz as the solvent and on the Bruker AVANCE spectrometer, operating at 400
MHz for *H NMR and 100 MHz for 3C NMR. Chemical shifts (8) were given in parts
per million from tetramethylsilane (6 0) and were measured relative to the signal of
CDCl3 (*H NMR: & 7.26 ppm and *C NMR: 77.0 ppm). Coupling constants (J values)
were given in Hertz (Hz) and reported to the nearest 0.1 Hz. *H NMR spectral data are
tabulated in the order: multiplicity (s, singlet; d, doublet; t, triplet; g, quartet; sept, septet;
m, multiplet; br broad), coupling constants, number of protons.

High resolution mass spectrometry (HRMS): HRMS were recorded on a liquid
chromatography/quadrupole time-of-flight mass spectrometer (MicroTof-Q Il mass
spectrometer, Bruker Daltonics) using electrospray ionization-time of flight (ESI-TOF).
The calculated values are based on the most abundant isotope.

High performance liquid chromatography (HPLC): HPLC analysis was performed
on a SHIMADZU LC-20AT equipped with a variable wavelength UV-Vis detector
SPD-20A and Daicel Chiralpak chiral column.

Optical rotations: Optical rotations were measured on an Autopol IV-T polarimeter.
The optical rotation values ([a]p) were reported at the indicated temperature in deg. mL

g ldm™.



2. Optimization of Reaction Conditions

Table S1: Optimization for the Synthesis of 2a

ph_( | ﬁ:/ﬂm |i£12:]d(:200n:c:/°2) Ph\(ijVO
N base (3 equiv) N
Ts solvent, 80 °C, 6 h Ts
(E)-1a 2a

entry catalyst ligand base solvent 2a (yield® %)
1 Pdx(dba)s bpy - DMF 13
2 Pda(dba)s bpy - DMA 10
3 Pda(dba)s bpy - CH3CN <10
4 Pdx(dba)s bpy - MeOH trace
5 Pdx(dba); bpy - THF ND
6 Pdz(dba)s bpy - DCE ND
7 Pda(dba)s bpy Li2COs DMF 46
8 Pdz(dba)s bpy Cs2C03 DMF 58
9 Pdx(dba); bpy Na2CO3 DMF 83
10 Pdaz(dba)s bpy K2CO:s DMF 93
11 Pda(dba)s bpy K3PO4 DMF 88
12 [Pd(ally])C1]2 bpy K2CO:s DMF 65
13 Pd(MeCN)2Cl2 bpy K2CO:s DMF 90
14 Pd(OAc): bpy K2CO:s DMF <10
15 Pd(OAc): PPh; K2CO:s DMF 62
16 Pd(OAc): dppb K2CO:s DMF 82
17 - bpy K>COs DMF ND
18 Pdz(dba)s - K2COs DMF <10
19 - - K>COs DMF ND

“Reaction conditions: (E)-1a (0.1 mmol), Pd catalyst (0.01 mmol), ligand (0.02 mmol) in solvent
(1.5 mL) at 80 °C for 6 h under air. “Determined by 'HNMR with 1,3,5-trimethoxybenzene as the

internal standard.



Table S2: Optimization for the Synthesis of Chiral Product 2a
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Me OH
Ph‘( )J
N
Ts

entry

1
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14

15

16

17

19

20
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24

25

(E)-1a

L1

L2

L3

L4

LS

L6

L7

L8

L9

L10

L2

L2

L2¢

L2¢

L11

L12

L13

L14

L15

L16

L17

L18

L19

L20

L21

Pdy(dba)s (10 mol%) Ph
L (20 mol%) Z
K,COj (3 equiv) N
DMF, T, 6 h ™
2a
T (°C) 2a (yield® %)
0 93
0 94
0 90
30 86
0 87
30 93
0 93
30 86
0 82
30 92
60 (12 h) 90
50 86
60 90
60 90
60 24
60 35
60 39
60 <10
60 58
60 76
60 75
60 72
60 65
60 64
60 55

*

_0

ee’ (%)
<1
16

<1

10
<1
<1
<1
23
22
23
23
16
28
24

<1

53
46
42

35

37



“Reaction conditions: (E)-1a (0.1 mmol), Pdx(dba); (0.01 mmol), L (0.02 mmol) in

DMF (1.5 mL)

under air. “Determined by 'HNMR with 1,3,5-trimethoxybenzene as the internal standard.

“Determined by HPLC analysis. ‘[Pd(ally])Cl]>. “Pd(MeCN),Cl..

L1:R=Pr L6:R'=H; R?=Pr
FsCa~ =
\ L2:R='Bu | L7:R'=H; R2= By
> o N 0 PPh,

R = R N Rl P2 =
N \ L3: R = Me '\}\8 L8: R'=H; R2=Ph PPh,
N L4:R=Bn L9: R' = Me; R? = Bu OO
L11

PPh,

o ! PPh,

L5: R = Ph L10: R' = Ph; R? = Bu ¢}
L12
Ph Bu L17:R=Pr 0—)
N”S\\o PPh, PPh; PPh; ‘ O ‘ 0 L18:R-='Bu ’ NN by
H PPh, HsC CHy  PPhz2 N PPh, N\g L19:R=Bn  Fe PPh;
PPh, WA X L20:R=pPh
L13 L14 L15 L16: (S,S)-SBuPHOX L21
Table S3: Unsuccessful Substrates
'd N\
| Ph OH
J OH ' OH ~! \_
Ph = o =
N N
Ts -'|\-lS Ts
OH
| OH
¥s MeO,C~ CO,Me




3. Preparation of Starting Materials

General Synthetic Procedures for the Preparation of (E)-1:

HO._ O
A
0~ ~OH

(1.5 equiv) ) OTBS .
EtO,C R RJ?]OH TBSCI (1.2 equiv) R S DIBAL-H (2 equiv)
—_— —_—
or — _ imidazol (2.5 equiv -78°
HO oH S-1: DCM, reflux go,d " 1.2 bCM (0 OC?n ) Eoc DCM, -78°C
T 8041 Mn0, (20 equiv), DCM, tt s-3 ’ sS4
S-2 r./:‘i‘-
I
oTes TsNHBoc (1.2 equiv) R -OTBS 1) TFA (10 equiv) (1 equiv)
;ﬁ)’"’ PPhs (1.5 equiv) = DCM t jj 1
BRI St bl .
Ho DIAD (1.5 equiv) TsNBoc TBAF THF, rt K2C03 (2.5 equiv)
S-5 THF, rt S-6 Lil (0.1 equiv)

acetone, 60 °C

To a solution of compound S-1 (200 mmol), in DCM (200 mL) was added ethyl 2-
(triphenyl-A5-phosphanylidene) propanoate (1.5 eq, 300 mmol) and the resulting
mixture was stirred at 45 °C for 72 h. The reaction was quenched with water, and
extracted with DCM. It was purified by column chromatography to give compound II.
After completion, concentrate the solvent under reduced pressure. The obtained crude
product S-3 was used in the next step without further purification.

To a solution of compound S-2 (200 mmol), in DCM (200 mL) was added ethyl 2-
(triphenyl-A5-phosphanylidene) propanoate (1.5 eq, 300 mmol) and MnO2 (20 equiv).
The resulting mixture was stirred at room temperature for 72 h and then filter through
Celite. Wash the filtrate with DCM then concentrate the combined organic layer in
vacuo. Purify the crude residue by flash chromatography obtain product S-3.

To a solution of S-3 (100 mmol) and imidazol (250 mmol, 2.5 equiv) in DCM (100 mL)
at 0 °C was slowly added TBSCI (120 mmol, 1.2 equiv). Then, the reaction mixture was
warmed up to room temperature and further stirred overnight. Concentrate the
combined organic layer in vacuo and purify the crude residue by flash chromatography
obtain product S-4.

To a solution of S-4 (50 mmol) in DCM (70 mL) at -78 °C was slowly added DIBALH
(1,5 M in toluene, 2 equiv). The resulting mixture was stirred at -78 °C for 2 h and
further warmed up to 0 °C for 30 min. After completion, the mixture was quenched with
the addition of MeOH (5 mL) at 0 °C. Allow the reaction mixture to reach ambient
temperature and add saturated aqueous NaCl solution (50 mL) and DCM (50 mL) to

the reaction mixture. Filter the reaction mixture through a plug of Celite and extracted
6



with DCM. Concentrate the combined organic layer in vacuo and purify the crude
residue by flash chromatography to give the S-5.

To a solution of S-5 (30 mmol), TsSNHBoc (36 mmol, 1.2 equiv) and PPh3; (45 mmol,
1.5 equiv) in THF (60 mL) at 0 °C was slowly added DIAD (45 mmol, 1.5 equiv). Then,
the reaction mixture was warmed up to room temperature and further stirred overnight.
Concentrate the combined organic layer in vacuo and purify the crude residue by flash
chromatography obtain product S-6.

To a solution of S-6 (20 mmol) in DCM (40 mL) at 0 °C was slowly added TFA (200
mmol, 10 equiv). Then, the reaction mixture was warmed up to room temperature and
further stirred for 3 h. After completion, the solution was washed with saturated
NaHCOj solution and extracted with DCM. Concentrate the combined organic layer in
vacuo. The crude residue was dissolved in THF (20 mL), then TBAF (100 mmol, 5
equiv) was added into the mixture. The reaction mixture was stirred at room
temperature for 3 h. After completion, the mixture was quenched by saturated NaCl
solution and extracted with EtOAc. The combined organic layers were dried with
NaySO4 and concentrated under reduced pressure. Purify the crude residue by flash
chromatography obtain product S-7.

In an oven-dried tube, alcohol S-7 (6 mmol), KoCOs (15 mmol, 2.5 eq) and Lil (0.6
mmol, 0.1 eq) was dissolved in acetone (12 mL), the reaction mixture was stirred at
room temperature for 30 min. Then a solution of vinyl/aryl iodines (6 mmol) in acetone
was added dropwise and the mixture was stirred at 60 °C for overnight. After
completion, the reaction was quenched with water, and extracted with EtOAc. Organic
solvents were removed under reduced pressure and the crude reaction mixture was
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 2/1) to afford

the compound (E)-1.

N
Ts

1a

Compound 1a was prepared according to the general procedure. Colorless oil. '"H NMR
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(400 MHz, CDCI3) & 7.53 (d, J = 8.0 Hz, 2H), 7.21 — 7.17 (m, 7H), 6.47 (s, 1H), 5.33
(t,J=6.4 Hz, 1H), 4.33 (s, 2H), 3.97 (d, J = 6.4 Hz, 2H), 3.37 (s, 2H), 2.35 (s, 3H),
1.93 (s, 1H), 1.16 (s, 3H). 3C NMR (100 MHz, CDCls) 6 146.3, 143.6, 138.3, 135.7,
133.4, 129.7, 128.4, 128.3, 127.5, 127.5, 127.2, 82.9, 59.2, 56.0, 54.0, 21.6, 14.2.
HRMS (ESI) m/z: [M+H]" calcd for C21H2sINO3S™: 498.0594; found: 498.0594.

s

1b
Compound 1b was prepared according to the general procedure. Colorless oil. 'H NMR
(400 MHz, CDCl3) 6 7.63 (d, J= 8.0 Hz, 2H), 7.31 — 7.28 (m, 2H), 7.24 — 7.21 (m, 2H),
6.83 —6.79 (m, 2H), 6.46 (s, 1H), 5.45 — 5.42 (m, 1H), 4.40 (s, 2H), 4.07 (d, /= 6.4 Hz,
2H), 3.80 (s, 3H), 3.47 (s, 2H), 2.44 (s, 3H), 1.90 (s, 1H), 1.27 (s, 3H). 3C NMR (100
MHz, CDCls) & 159.6, 145.5, 143.5, 135.8, 133.6, 130.7, 129.7, 128.4, 127.5, 127.3,
113.7, 81.1, 59.2, 56.0, 55.3, 54.1, 21.6, 14.2. HRMS (ESI) m/z: [M+H]" calcd for

C22H27INO4S™: 528.0700; found: 528.0701.

/ I Me OH
Me )J
N
Ts

1c

Compound 1¢ was prepared according to the general procedure. Colorless oil. '"H NMR
(400 MHz, CDCls) 6 7.61 (d, J= 8.0 Hz, 2H), 7.28 (d, /= 8.0 Hz, 2H), 7.15 (d, /= 8.0
Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.51 (s, 1H), 5.42 (t, J = 6.4 Hz, 1H), 4.41 (s, 2H),
4.07 (d, J= 6.4 Hz, 2H), 3.46 (s, 2H), 2.44 (s, 3H), 2.32 (s, 3H), 1.85 (s, 3H), 1.28 (s,
3H). 3C NMR (100 MHz, CDCI3) & 146.1, 143.5, 138.3, 135.9, 135.4, 133.7, 129.7,
129.1, 127.5, 127.2, 127.0, 82.1, 59.3, 55.8, 54.0, 21.6, 21.2, 14.2. HRMS (ESI) m/z:
[M+H]" caled for C22H27INO3S™: 512.0751; found: 512.0750.

|
’Bu—@—( ﬁJOH

N
Ts

1d

Compound 1d was prepared according to the general procedure. Colorless oil. 'H NMR
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(400 MHz, CDCL3) & 7.63 (d, J = 8.0 Hz, 2H), 7.31 — 7.28 (m, 4H), 7.23 (d, J= 8.4 Hz,
2H), 6.55 (s, 1H), 5.43 (t, J = 5.6 Hz, 1H), 4.43 (s, 2H), 4.06 (d, J = 6.4 Hz, 2H), 3.46
(s, 2H), 2.44 (s, 3H), 2.00 (s, 1H), 1.32 (s, 9H), 1.25 (s, 3H). *C NMR (100 MHz,
CDCLs) § 151.4, 146.0, 143.5, 135.7, 135.4, 133.5, 129.7, 127.6, 127.4, 126.9, 125.3,
82.2, 59.2, 55.9, 54.0, 34.6, 31.3, 21.6, 14.1. HRMS (ESI) m/z: [M+H]" calcd for
CasH33INOsS™: 554.1220; found: 554.1219.

|
. @ </ D;FOH

TS

le
Compound 1e was prepared according to the general procedure. Colorless oil. '"H NMR
(400 MHz, CDCl3) 6 7.53 (d, /= 8.0 Hz, 2H), 7.21 — 7.14 (m, 4H), 6.86 (t, J = 8.4 Hz,
2H), 6.42 (s, 1H), 5.34 (t, /= 6.0 Hz, 1H), 4.29 (s, 2H), 3.98 (d, J = 6.4 Hz, 2H), 3.37
(s, 2H), 2.34 (s, 3H), 2.12 (s, 1H), 1.16 (s, 3H). 13C NMR (100 MHz, CDCls) § 162.6
(d, Jc.r =246.7 Hz), 144.5 (d, Jc.r = 167.0 Hz), 135.7, 134.4 (d, Jc.r = 3.3 Hz), 133.2,
129.8,129.0 (d, Jc.r = 8.1 Hz), 127.7, 127.4, 115.4, 115.2, 82.7, 59.1, 56.3, 54.2, 21.6,
14.1. YF NMR (376 MHz, CDCl3) & -112.4. HRMS (ESI) m/z: [M+H]" calcd for

C21H24FINO3S™: 516.0500; found: 516.0502.

MeQO |
Me OH
O
N
Ts
1f

Compound 1f was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3) 6 7.64 (d, J= 8.0 Hz, 2H), 7.31 — 7.28 (m, 2H), 7.22 — 7.18 (m, 1H),
6.87 —6.85 (m, 3H), 6.59 (s, 1H), 5.51 —5.42 (m, 1H), 4.41 (s, 2H), 4.08 (d, /= 6.4 Hz,
2H), 3.82 (s, 3H), 3.48 (s, 2H), 2.45 (s, 3H), 1.86 (s, 1H), 1.28 (s, 3H). 3C NMR (100
MHz, CDCl) 6 159.3, 146.2, 143.5, 139.7, 135.7, 133.5, 129.7, 129.3, 127.6, 127.5,
119.8, 114.1, 112.7, 82.9, 59.2, 56.2, 55.4, 54.2, 21.6, 14.1. HRMS (ESI) m/z: [M+H]"
caled for C22H27INO4S™: 528.0700; found: 528.0701.



Me,

N
Ts

Ig
Compound 1g was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3) & 7.63 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.18 (t, /= 7.6
Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.07 — 7.03 (m, 2H), 6.54 (s, 1H), 5.45 (td, /= 6.4,
1.2 Hz, 1H), 4.44 (s, 2H), 4.10 (d, J = 6.4 Hz, 2H), 3.49 (s, 2H), 2.46 (s, 3H), 2.33 (s,
3H), 1.62 (s, 1H), 1.32 (s, 3H). '*C NMR (100 MHz, CDCls) & 146.4, 143.4, 138.4,
138.0, 136.0, 133.7, 129.6, 129.0, 128.2, 128.0, 127.5, 127.4, 124.3, 82.6, 59.3, 55.8,
53.8,21.6,21.4, 14.2. HRMS (ESI) m/z: [M+H]" calcd for C2,H27INO3S™: 512.0751;
found: 512.0750.

Me |
Me OH
O
N
Ts
1h

Compound 1h was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3)  7.54 (d, J = 8.4 Hz, 2H), 7.19 — 7.12 (m, 3H), 7.05 — 7.01 (m, 2H),
6.86 (d,J=7.6 Hz, 1H), 6.21 (s, 1H), 5.35 (dd, J = 6.4, 5.6 Hz, 1H), 4.20 (s, 2H), 4.05
(d, J = 6.4 Hz, 2H), 3.40 (s, 2H), 2.38 — 2.32 (m, 4H), 2.14 (s, 3H), 1.26 (s, 3H). 13C
NMR (100 MHz, CDClz) 6 147.4, 143.3, 138.6, 136.1, 135.4, 132.9, 130.2, 129.6,
129.5, 128.5, 128.1, 127.6, 125.7, 82.9, 59.1, 56.1, 53.3, 21.6, 19.6, 14.0. HRMS (ESI)
m/z: [M+H]" calcd for C22H27INOsS*: 512.0751; found: 512.0750.

/ $e=/*OH

N
Ts

1i

Compound 1i was prepared according to the general procedure. Colorless oil. 'TH NMR

(400 MHz, CDCls) 8 7.62 (d, J = 8.4 Hz, 2H), 7.29 — 7.27 (m, 2H), 6.94 (s, 1H), 6.79
10



(s, 2H), 6.49 (s, 1H), 5.46 (td, J = 6.4, 1.2 Hz, 1H), 4.42 (s, 2H), 4.12 (d, J = 6.4 Hz,
2H), 3.50 (s, 2H), 2.45 (s, 3H), 2.28 (s, 6H), 1.78 (s, 1H), 1.36 (s, 3H). 13C NMR (100
MHz, CDCls) § 146.5, 143.3, 138.4, 137.8, 136.2, 133.6, 129.9, 129.6, 127.5, 125.0,
82.5, 59.2, 55.6, 53.5, 21.6, 21.3, 142. HRMS (ESI) m/z: [M+H]" caled for
C23HINO3S™: 526.0907; found: 526.0906.

/ I Me OH
Me )J
N
Ts

1j
Compound 1j was prepared according to the general procedure. Colorless oil. '"H NMR
(400 MHz, CDCl3) 6 7.69 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.00 (s, 1H),
5.49 (t,J = 6.0 Hz, 1H), 4.11 (d, J = 6.4 Hz, 2H), 3.84 (s, 2H), 3.59 (s, 2H), 2.42 (s,
3H), 1.86 (s, 3H), 1.58 (s, 3H). 3C NMR (100 MHz, CDCl3) & 143.6, 142.8, 136.4,
132.9,129.8,128.6,127.4,59.2,56.4,55.3,22.0,21.6, 14.4. HRMS (ESI) m/z: [M+H]"
caled for C16H23INO3S™: 436.0438; found: 436.0436.

N
Ts

1k

Compound 1k was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3) § 7.62 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 5.96 (s, 1H),
5.41 (t, J = 6.0 Hz, 1H), 4.01 (d, J = 6.4 Hz, 2H), 3.80 (s, 2H), 3.49 (s, 2H), 2.34 (s,
3H), 2.21 (s, 1H), 2.15 (q, J = 7.6 Hz, 2H), 1.49 (s, 3H), 0.93 (t, J = 7.6 Hz, 3H). 3C
NMR (100 MHz, CDCls) § 147.9, 143.6, 136.0, 132.7, 129.8, 128.4, 127.4, 77.8, 59.0,
56.4, 54.6,27.9, 21.6, 14.4, 12.3. HRMS (ESI) m/z: [M+H]" calcd for C17HasINO3S":

N
Ts

11

450.0594; found: 450.0593.
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Compound 11 was prepared according to the general procedure. Colorless oil. '"H NMR
(400 MHz, CDCl3) 6 7.69 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.03 (s, 1H),
5.49 (td, J=6.4, 1.0 Hz, 1H), 4.10 (d, J= 6.4 Hz, 2H), 3.87 (s, 2H), 3.57 (s, 2H), 2.42
(s,3H), 2.17-2.13 (m, 2H), 1.74 (s, 1H), 1.58 (s, 3H), 1.45 (dt, J = 13.6, 6.8 Hz, 1H),
1.28 — 1.22 (m, 2H), 0.85 (d, J = 6.8 Hz, 6H). 1*C NMR (100 MHz, CDCl3) & 147.9,
143.6, 136.0, 132.7, 129.8, 128.4, 127.4, 77.8, 59.0, 56.4, 54.6, 27.9, 21.6, 14.4, 12.3.
HRMS (ESI) m/z: [M+H]" caled for C2oH31INO3S™: 492.1064; found: 492.1066.

Ph‘\_(| DeJOH

N
Ts

1m

Compound 1m was prepared according to the general procedure. Pale yellow oil. 'H
NMR (400 MHz, CDCI3) 6 7.64 (d, J = 8.4 Hz, 2H), 7.24 — 7.18 (m, 4H), 7.14 — 7.08
(m, 3H), 5.99 (s, 1H), 5.42 (td, J= 6.4, 1.0 Hz, 1H), 4.02 (d, J = 6.4 Hz, 2H), 3.86 (s,
2H), 3.53 (s, 2H), 2.69 — 2.65 (m, 2H), 2.46 — 2.42 (m, 2H), 2.34 (s, 3H), 1.50 — 1.48
(m, 4H). 3C NMR (100 MHz, CDCl3) 8 145.7, 143.7, 140.9, 136.2, 133.1, 129.8, 128.5,
128.4,128.1, 127.4, 126.1, 79.4, 59.2, 56.4, 54.4, 36.8, 34.3, 21.6, 14.4. HRMS (ESI)
m/z: [M+H]" caled for C23H29INO3S™: 526.0907; found: 526.0908.

N
Ts

1n

Compound 1n was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3) 6 7.66 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 6.01 (s, 1H),
5.46 (t, J = 6.0 Hz, 1H), 4.05 (d, J = 6.4 Hz, 2H), 3.85 (s, 2H), 3.53 (s, 2H), 2.38 (s,
3H), 2.22 (s, 1H), 2.15 (t, J = 12.0 Hz, 1H), 1.69 — 1.56 (m, 8H), 1.21 — 0.96 (m, 5H).
13C NMR (100 MHz, CDCls) & 151.4, 143.6, 136.0, 133.0, 129.8, 128.0, 127.4, 78.9,
59.1,56.4,54.3,41.7,32.5,26.6,26.2,21.6, 14.4. HRMS (ESI) m/z: [M+H]" caled for
C21H31INO3S™: 504.1064; found: 504.1064.

12



\ |

/ DGJO“

N
Ts

1o

Compound 1o was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3) § 7.69 (d, J = 7.6 Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 6.06 (s, 1H),
5.75 - 5.65 (m, 1H), 5.49 (t, J= 6.0 Hz, 1H), 5.01 — 4.95 (m, 2H), 4.10 (d, J = 6.4 Hz,
2H), 3.86 (s, 2H), 3.58 (s, 2H), 2.42 (s, 3H), 2.31 — 2.27 (m, 2H), 2.18 — 2.13 (m, 2H),
1.66 (s, 1H), 1.58 (s, 3H). 3C NMR (100 MHz, CDCL3) § 145.7, 143.6, 137.2, 136.1,
133.0, 129.8, 128.2, 127.4, 115.5, 78.9, 59.2, 56.4, 54.4, 34.1, 31.7, 21.6, 14.4. HRMS

(EST) m/z: [M+H]" calcd for C19H27INO3S™: 476.0751; found: 476.0750.
"Pr

/ OH

Ip

Compound 1p was prepared according to the general procedure. Yellow oil. 'H NMR
(400 MHz, CDCl3) 6 7.52 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 6.83 (s, 1H),
6.68 (s, 2H), 6.37 (s, 1H), 5.29 (t, J = 6.8 Hz, 1H), 4.32 (s, 2H), 3.99 (d, J = 6.4 Hz,
2H), 3.39 (s, 2H), 2.33 (s, 3H), 2.17 (s, 6H), 1.91 (s, 1H), 1.65 — 1.62 (m, 2H), 1.20 —
1.06 (m, 8H), 0.78 (t, J = 7.6 Hz, 3H). 3C NMR (100 MHz, CDCIl3) § 146.6, 143.3,
138.5, 137.7, 137.3, 136.3, 129.9, 129.6, 127.9, 127.5, 125.1, 82.5, 59.0, 53.6, 53.4,
31.6, 29.3, 28.5, 28.2, 22.7, 21.6, 21.3, 14.2. HRMS (ESI) m/z: [M+H]" calcd for
C2sH39INO3S™: 596.1690; found: 596.1690.

CoFs

|
Ph{ __/OH

N
Ts

1q
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Compound 1q was prepared according to the general procedure. Yellow oil. 'TH NMR

(400 MHz, CDCL3) § 7.57 (d, J = 8.4 Hz, 2H), 7.25 — 7.19 (m, 7H), 6.52 (s, 1H), 5.42
(t, J = 6.4 Hz, 1H), 435 (s, 2H), 4.00 (d, J = 6.4 Hz, 2H), 3.43 (s, 2H), 2.38 (s, 3H),
1.85 — 1.76 (m, 4H), 1.67 (s, 1H). 3C NMR (100 MHz, CDCls) § 145.9, 144.0, 138.0,
135.1, 134.4, 130.0, 129. 9, 128.5, 127.6, 127.2, 120.4 (t, Jc.r = 36.0 Hz), 115.4 (q, Jc-
r=37.5Hz), 83.0, 58.7, 54.5, 54.0, 29.1 (t, Jc.r = 21.6 Hz), 21.6, 18.7. ’FNMR (376
MHz, CDCl3) & -85.4, -118.8. HRMS (ESI) m/z: [M+H]" calcd for C2sHas FSINO3S™:

|
Ph{ ?OH
Ts

1r

630.0593; found: 630.0595.

Compound 1r was prepared according to the general procedure. Colorless oil. '"H NMR
(400 MHz, CDCls) 6 7.66 (d, J = 8.4 Hz, 2H), 7.32 — 7.27 (m, 7H), 6.57 (s, 1H), 5.39
(t, J= 6.8 Hz, 1H), 4.45 (s, 2H), 4.05 (d, J = 6.8 Hz, 2H), 3.59 (s, 2H), 2.46 (s, 3H),
1.60 (s, 3H), 0.64 — 0.57 (m, 1H), 0.39 — 0.36 (m, 2H), 0.01 —-0.03 (m, 2H). 13C NMR
(100 MHz, CDCl3) & 146.4, 143.6, 138.4, 137.2, 135.7, 129.7, 128.4, 128.3, 127.6,
127.4,127.2, 82.9, 59.0, 54.2, 54.1, 32.5, 21.6, 10.2, 4.7. HRMS (ESI) m/z: [M+H]"
caled for C24H29INO3S™: 538.0907; found: 538.0907.

N
Ts

1s

Compound 1s was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCls) § 7.66 (d, J = 8.4 Hz, 2H), 7.33 — 7.28 (m, 7H), 6.58 (s, 1H), 5.35
(t, J= 6.8 Hz, 1H), 4.46 (s, 2H), 4.07 (d, J = 6.8 Hz, 2H), 3.51 (s, 2H), 2.47 (s, 3H),
1.69 (q, J = 7.6 Hz, 2H), 1.53 (s, 1H), 0.81 (t, J = 7.6 Hz, 3H). 3C NMR (100 MHz,
CDCLs) § 146.4, 143.5, 139.1, 138.3, 135.8, 129.7, 128.4, 128.3, 127.6, 127.21, 127.0,

82.8, 59.0, 54.0, 53.4, 21.6, 21.1, 13.3. HRMS (ESI) m/z: [M+H]" calcd for
14



C22H27INO3S™: 512.0751; found: 512.0750.

N
Ts

1t

Compound 1t was prepared according to the general procedure. Colorless oil. '"H NMR
(400 MHz, CDCI13) & 7.61 (d, J = 8.0 Hz, 2H), 7.35 - 7.19 (m, 10 H), 7.06 (d, /= 6.8
Hz, 2H), 6.52 (s, 1H), 5.56 (t, J = 6.8 Hz, 1H), 4.45 (s, 2H), 4.19 (d, J = 6.8 Hz, 2H),
3.45 (s, 2H), 3.06 (s, 2H), 2.45 (s, 3H), 1.68 (s, 1H). '3C NMR (100 MHz, CDCl3)
146.1, 143.6, 138.6, 138.3, 135.4, 135.3, 129.7, 128.6, 128.6, 128.5, 128 .4, 128.3, 127.6,
127.2, 126.3, 83.0, 59.3, 54.2, 53.7, 34.1, 21.6. HRMS (ESI) m/z: [M+H]" calcd for
C27H20INO3S™: 574.0907; found: 574.0905.

|
Ph OH
Ph{ )J
N
Ts
1u

Compound 1u was prepared according to the general procedure. Colorless oil. 'H NMR

(400 MHz, CDCL3) § 7.52 (d, J = 8.4 Hz, 2H), 7.34 — 7.26 (m, 8H), 7.21 (d, J= 8.0 Hz,
2H), 7.01 - 6.99 (m, 2H), 6.68 (s, 1H), 5.64 (t, J = 6.8 Hz, 1H), 4.56 (s, 2H), 3.94 (d, J
= 6.8 Hz, 2H), 3.87 (s, 2H), 2.44 (s, 3H), 1.62 (s, IH). 3C NMR (100 MHz, CDCl3)
146.2, 143.3, 138.4, 1374, 137.3,136.3, 129.6, 129.1, 128.5, 128.4, 128.3, 127.6, 127.4,
127.1, 83.8, 60.0, 53.5, 53.4, 21.6. HRMS (ESI) m/z: [M+H]" calcd for C26Ha7INOsS ™

! OH
P“{%/

1v

560.0751; found: 560.0751.

Compound 1v was prepared according to the general procedure. Colorless oil. 'H NMR

(400 MHz, CDCls) & 7.57 (d, J = 8.0 Hz, 2H), 7.32 — 7.25 (m, 7H), 6.61 (s, 1H), 5.67
(dt, J=15.2, 5.2 Hz, 1H), 5.41 — 5.34 (m, 1H), 4.46 (s, 2H), 3.99 (d, J = 5.2 Hz, 2H),

3.53 (d, J = 6.4 Hz, 2H), 2.42 (s, 3H), 2.09 (s, 1H). 3C NMR (100 MHz, CDCl3) &
15



146.5, 143.6, 138.5, 136.1, 134.1, 129.7, 128.5, 128.4, 127.5, 127.2, 125.1, 83.0, 62.7,
52.6,49.0,21.6. HRMS (ESI) m/z: [M+H]" calcd for C20H23INO3S™: 484.0438; found:

(' Et)=>70H
N
Ts

1w

484.0439.

Compound 1w was prepared according to the general procedure. Pale yellow oil. 'H

NMR (400 MHz, CDCl3) 6 7.69 (d, J= 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.27 (dt,
J=17.6,1.6 Hz, 1H), 6.09 — 6.04 (m, 1H), 5.30 (d, /= 8.4 Hz, 1H), 4.61 — 4.54 (m, 1H),
3.76 (dd, J= 5.6, 1.6 Hz, 2H), 3.65 (q, J = 14.4 Hz, 2H), 2.42 (s, 3H), 2.16 — 2.02 (m,
2H), 1.69 (s, 1H), 1.21 (d, J = 6.4 Hz, 3H), 1.00 (t, J = 7.6 Hz, 3H). '3C NMR (100
MHz, CDCl3) ¢ 143.7, 137.0, 136.5, 136.3, 133.8, 129.9, 127.3, 84.1, 64.2, 53.2, 51.6,
23.7,21.6,21.2, 13.4. HRMS (ESI) m/z: [M+H]" calcd for Ci17H25sINO3S™: 450.0594;
found: 450.0596.

o Ts
1x

Compound 1x was prepared according to the general procedure. Yellow oil. "TH NMR

(400 MHz, CDCl3) § 7.63 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 6.77 (dd, J =
8.0, 1.6 Hz, 1H), 6.72 — 6.70 (m, 2H), 6.45 (s, 1H), 5.95 (s, 2H), 5.25 (dd, J= 8.4, 1.2
Hz, 1H), 4.51— 4.44 (m, 1H), 4.40— 4.30 (m, 2H), 3.46 (q, J = 15.2 Hz, 2H), 2.43 (s,
3H), 1.74 (s, 1H), 1.36 (d, J = 0.8 Hz, 3H), 1.18 (d, J = 6.4 Hz, 3H). 3C NMR (100
MHz, CDCLs) § 147.7, 147.5, 145.8, 143.5, 135.9, 132.4, 132.3, 132.2, 129.7, 127.5,
121.2, 108.1, 107.6, 101.3, 81.7, 64.5, 55.9, 54.0, 23.2, 21.6, 14.4. HRMS (ESI) m/z:

[M+H]" caled for C23H27INOsS™: 556.0649; found: 556.0647.

/I OH

Ts
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Compound 1y was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCL3)  7.68 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.01 (s, 1H),
5.26 (d, J=8.4 Hz, 1H), 4.51 — 4.45 (m, 1H), 3.87 (q, J = 14.8 Hz, 2H), 3.57 — 3.49 (m,
2H), 2.40 (s, 3H), 2.18 — 2.14 (m, 2H), 1.89 (s, 1H), 1.60 (s, 3H), 1.50 — 1.40 (m, 1H),
1.29 — 1.23 (m, 2H), 1.14 (d, J = 6.4 Hz, 3H), 0.85 (d, J = 6.8 Hz, 6H). 3C NMR (100
MHz, CDCL3) 5 146.9, 143.6, 136.2, 132.6, 131.6, 129.8, 127.4, 78.2, 64.4, 56.2, 54.7,
36.8, 32.8, 27.7, 23.0, 22.5, 22.4, 21.6, 14.5. HRMS (ESI) m/z: [M+H]" calcd for
C21H3INO3S™: 506.1220; found: 506.1220.

| ))/OH
\(N
Ts

1z

Compound 1z was prepared according to the general procedure. Colorless oil. '"H NMR

(400 MHz, CDCl3) 8 7.68 (d, J = 8.4 Hz, 2H), 7.30 — 7.28 (m, 2H), 6.22 (d, J = 1.6 Hz,
1H), 5.83 (d,J = 1.6 Hz, 1H), 5.29 — 5.27 (m, 1H), 4.54 — 4.47 (m, 1H), 3.99 — 3.90 (m,
2H), 3.74 (d, J = 14.4 Hz, 1H), 3.63 (d, J = 14.4 Hz, 1H), 2.41 (s, 3H), 2.07 (s, 1H),
1.57 (d,J=0.8 Hz, 3H), 1.18 (d, J= 6.0 Hz, 3H). *C NMR (100 MHz, CDCl3) 5 143.7,
136.8, 134.6, 130.7, 129.7, 127.8, 127.4, 104.6, 64.4, 58.3, 55.6, 23.2, 21.6, 14.6.
HRMS (ESI) m/z: [M+H]" calcd for C1sH23INO3S™: 436.0438; found: 436.0439.

\(N
Ts

laa
Compound 1aa was prepared according to the general procedure. Yellow oil. '"H NMR
(400 MHz, CDCl3) 6 7.69 (d, J= 8.4 Hz, 2H), 7.28 (d, /= 8.0 Hz, 2H), 6.21 (d, /= 1.6
Hz, 1H), 5.83 (s, 1H), 5.48 (t, J = 6.4 Hz, 1H), 4.12 (d, J = 6.4 Hz, 2H), 3.97 (s, 2H),
3.74 (s, 2H), 2.41 (s, 3H), 1.72 (s, 1H), 1.57 (s, 3H). '3C NMR (100 MHz, CDCl3) &
143.6, 137.0, 132.7, 129.7, 129.2, 127.9, 127.4, 104.4, 59.1, 58.2, 55.4, 21.6, 14.5.
HRMS (ESI) m/z: [M+H]" caled for CisH21INO3S™: 422.0281; found: 422.0281.

17



Ts
1ab

Compound 1ab was prepared according to the general procedure. Colorless oil. TH

NMR (400 MHz, CDCl3) 6 7.45 (d, J= 8.0 Hz, 2H), 7.21 — 7.14 (m, 7H), 6.59 (s, 1H),
5.21 (t, J = 6.4 Hz, 1H), 4.42 (s, 2H), 3.96 (d, J = 6.8 Hz, 2H), 2.92 — 2.88 (m, 2H),
2.32 (s, 3H), 2.04 — 2.00 (m, 2H), 1.78 (s, 1H), 1.48 (s, 3H). ¥*C NMR (100 MHz,
CDCl3) 6 146.4, 143.4, 138.2, 136.2, 135.8, 129.7, 128.6, 128.50, 127.4, 127.0, 125.0,
83.3, 59.1, 52.8, 46.4, 37.7, 21.6, 16.4. HRMS (ESI) m/z: [M+H]" caled for
C22H27INO3S™: 512.0751; found: 512.0753.

I
<
N
Ts

lac

OH

Compound lac was prepared according to the general procedure. Colorless oil. TH

NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.08 (d,
J=0.8 Hz, 1H), 5.40 — 537 (m, 1H), 4.09 (d, J = 6.8 Hz, 2H), 3.93 (s, 2H), 3.15 —
3.11 (m, 2H), 2.42 (s, 3H), 2.20 — 2.16 (m, 2H), 1.90 (d, J = 1.2 Hz, 3H), 1.62 (s, 3H),
1.58 (s, IH). 3C NMR (100 MHz, CDCl3) 8 143.5, 143.0, 136.8, 135.8, 129.8, 127.2,
126.0, 77.7, 59.2, 55.1, 47.2, 38.0, 22.0, 21.6, 16.4. HRMS (ESI) m/z: [M+H]" calcd
for C17H25sINO3S™: 450.0594; found: 450.0594.

I
il
N
Ts

1ad

OH

Compound 1ad was prepared according to the general procedure. Colorless oil. 'H
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NMR (400 MHz, CDCl3) 5 7.61 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6.16 (d,
J=1.6 Hz, 1H), 5.76 (s, 1H), 5.22 (t, J= 7.2 Hz, 1H), 3.87 (s, 2H), 3.64 (s, 2H), 3.51
(t, J = 6.4 Hz, 2H), 2.34 (s, 3H), 2.20 — 2.15 (m, 2H), 2.11 (s, 1H), 1.45 (s, 3H). 1*C
NMR (100 MHz, CDCl3) § 143.6, 136.8, 132.0, 129.7, 127.5, 127.3, 126.9, 104.8, 61.9,
58.1, 55.9, 31.5, 21.6, 14.5. HRMS (ESI) m/z: [M+H]" caled for CioHy7INO;S™:

L

N
Ts

lae

476.0751; found: 476.0753.

Compound lae was prepared according to the general procedure. Colorless oil. H

NMR (400 MHz, CDCls) § 7.72 (d, J = 8.4 Hz, 3H), 7.48 (dd, J = 8.0, 1.2 Hz, 1H),
734727 (m, 3H), 6.92 (td, J = 7.6, 1.6 Hz, 1H), 5.31 (td, J = 6.4, 0.8 Hz, 1H), 4.32
(s, 2H), 3.89 (d, J = 6.4 Hz, 2H), 3.67 (s, 2H), 2.43 (s, 3H), 1.48 (s, 1H), 1.42 (s, 3H).
13C NMR (100 MHz, CDCl3) 6 143.6, 139.2, 138.5, 136.4, 132.9, 129.9, 129.6, 129.2,
128.8,128.4,127.3,98.6,59.0, 56.9, 56.7,21.6, 14.4. HRMS (ESI) m/z: [M+H]" calcd
for C19H23INO3S™: 472.0438; found: 472.0436.

|
Meq M)eJOH

N
Ts

1laf

Compound 1af was prepared according to the general procedure. Colorless oil. TH

NMR (400 MHz, CDCl3) 6 7.70 (d, J = 8.4 Hz, 2H), 7.55 (d, J= 8.0 Hz, 1H), 7.30 (d,
J=8.0 Hz, 2H), 7.12 (s, 1H), 6.71 (dd, J = 8.0, 1.6 Hz, 1H), 5.30 (t, /= 6.0 Hz, 1H),
4.28 (s, 2H), 3.88 (d, J = 6.8 Hz, 2H), 3.65 (s, 2H), 2.41 (s, 3H), 2.19 (s, 3H), 1.62 (s,
1H), 1.43 (s, 3H). 13C NMR (100 MHz, CDCl3) & 143.6, 138.9, 138.4, 137.9, 136.7,
132.8,130.3,130.2, 129.9, 128.9, 127.2,94.6, 58.9, 56.6, 56.4, 21.6, 21.0, 14.4. HRMS
(ESI) m/z: [M+H]" calcd for C20HasINO3S™: 486.0594; found: 486.0592.
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lag
Compound 1ag was prepared according to the general procedure. Colorless oil. TH

NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.4 Hz, 2H), 7.60 (d, /= 8.4 Hz, 1H), 7.31 (d,
J=28.0 Hz, 2H), 7.28 — 7.27 (m, 1H), 6.88 (dd, J = 8.4, 2.4 Hz, 1H), 5.34 — 5.31 (m,
1H), 4.25 (s, 2H), 3.90 (d, J = 6.4 Hz, 2H), 3.66 (s, 2H), 2.41 (s, 3H), 1.98 (s, 1H), 1.45
(s, 3H). BC NMR (100 MHz, CDCI3) § 143.9, 140.4, 140.2, 136.2, 134.8, 132.2, 130.0,
129.5,129.2,127.2,95.2, 58.9, 57.0, 56.2, 21.6, 14.4. HRMS (ESI) m/z: [M+H]" calcd
for C19H22CIINO3S™: 506.0048; found: 506.0050.

S

(0]
(E)-1ah

Compound (E)-1ah was prepared according to the general procedure. Colorless oil. 'H

NMR (400 MHz, CDCl3) 6 7.73 (dd, J = 8.0, 1.2 Hz, 1H), 7.37 (dd, J = 7.6, 1.6 Hz,
1H), 7.26 (td, J= 7.6, 1.2 Hz, 1H), 6.89 (td, J= 7.6, 1.6 Hz, 1H), 5.64 — 5.60 (m, 1H),
4.38 (s,2H), 4.11 (d, J=7.6 Hz, 2H), 3.90 (s, 2H), 2.71 (s, 1H), 1.65 (s, 3H). 3C NMR
(100 MHz, CDCI3) 6 140.5, 139.2, 134.9, 129.3, 128.9, 128.3, 126.8, 98.0, 76.0, 75.8,
58.8, 14.3. HRMS (ESI) m/z: [M+H]" calcd for Ci2HisINO2": 319.0189; found:
319.0189.

|
Me

I\

o)
(Z)-1ah

Compound (Z)-1ah was prepared according to the general procedure. Colorless oil. 'H

NMR (400 MHz, CDCL3) & 7.81 (dd, J = 8.0, 0.8 Hz, 1H), 7.42 (dd, J = 7.6, 1.2 Hz,
1H), 7.34 (td, J= 7.6, 1.2 Hz, 1H), 6.98 (td, J = 7.6, 1.6 Hz, 1H), 5.67 — 5.64 (m, 1H),
4.46 (s, 2H), 4.15 (dd, J = 7.2, 0.8 Hz, 2H), 4.09 (s, 2H), 2.00 (s, 1H), 1.85 (d, J= 1.2

Hz, 3H). BC NMR (100 MHz, CDCl3) § 140.2, 139.3, 135.9, 129.4, 128.9, 128 .4, 128.3,
20



98.0, 76.1, 69.2, 58.6, 22.1. HRMS (ESI) m/z: [M+H]" calcd for Ci2HisINO>":

|
Ph‘\/( MJEJOH
0
lah'

319.0189; found: 319.0188.

Compound 1ah' was prepared according to the general procedure. Colorless oil. TH

NMR (400 MHz, CDCl3) 6 7.22 —7.16 (m, 2H), 7.13 — 7.07 (m, 3H), 6.00 (s, 1H), 5.62
—5.59 (m, 1H), 4.12 (d, J= 6.8 Hz, 2H), 4.04 (s, 2H), 3.78 (s, 2H), 2.71 — 2.67 (m, 2H),
2.51 —2.48 (m, 2H), 1.87 (s, 1H), 1.63 (s, 3H). 13C NMR (100 MHz, CDCl3) § 147.4,
141.2,135.2,128.5,128.4,126.7, 126.1,77.8,75.6, 73.5, 59.0, 37.6, 34.3, 14.2. HRMS
(ESI) m/z: [M+H]" caled for C16H22102™: 373.0659; found: 373.0657.

| OH
Me
Ph‘( J=/_/
N
Ts
1ai

Compound 1ai was prepared according to the general procedure. Colorless oil. TH
NMR (400 MHz, CDCIl3) 6 7.53 (d, J= 8.4 Hz, 2H), 7.20 — 7.19 (m, 7H), 6.46 (s, 1H),
5.14 (t,J=6.8 Hz, 1H), 4.33 (s, 2H), 3.49 (t, J= 6.4 Hz, 2H), 3.35 (s, 2H), 2.35 (s, 3H),
2.12 (q, J = 6.4 Hz, 2H), 1.90 (s, 1H), 1.15 (s, 3H). '3C NMR (100 MHz, CDCl3) &
146.6, 143.5, 138.4, 135.6, 133.3, 129.7, 128.4, 128.3, 127.6, 127.3, 124.6, 82.6, 62.0,
56.5, 54.1, 31.5, 21.6, 14.3. HRMS (ESI) m/z: [M+H]" calcd for C2H27INO3S™

| OH
L
¥

1aj

512.0751; found: 512.0753.

Compound 1aj was prepared according to the general procedure. Colorless oil. TH
NMR (400 MHz, CDCl3) 6 7.69 (d, J = 8.4 Hz, 2H), 7.31 (d, /= 8.0 Hz, 2H), 5.99 (d,
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J=1.2 Hz, 1H), 5.30 — 5.26 (m, 1H), 3.83 (s, 2H), 3.61 — 3.57 (m, 4H), 2.42 (s, 3H),
2.24 (q,J= 6.4 Hz, 2H), 1.88 (d, J = 1.2 Hz, 3H), 1.70 (s, 1H), 1.58 (s, 3H). 13C NMR
(100 MHz, CDCl3) 6 143.5, 143.0, 136.2, 132.8, 129.8, 127.4, 125.6, 77.42, 76.9, 62.0,
57.0, 55.6, 31.6, 22.0, 21.6. HRMS (ESI) m/z: [M+H]" caled for Ci7H2sINO3S™:
450.0594; found: 450.0592.

\ | OH
\/\/( V

N

Ts

lak

Compound 1ak was prepared according to the general procedure. Colorless oil. 'H

NMR (400 MHz, CDCls) § 7.67 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 6.06 —
5.98 (m, 1H), 5.74 — 5.64 (m, 1H), 5.27 (t, J = 6.8 Hz, 1H), 5.00 — 4.93 (m, 2H), 3.84
(s, 2H), 3.58 — 3.54 (m, 4H), 2.40 (s, 3H), 2.31 — 2.12 (m, 6H), 1.97 (s, 1H), 1.56 (s,
3H). 1¥C NMR (100 MHz, CDCls) § 145.9, 143.6, 137.2, 136.0, 132.8, 129.8, 127.4,
125.2, 115.5, 78.5, 61.9, 57.0, 54.6, 34.2, 31.7, 31.5, 21.6, 14.5. HRMS (ESI) m/z:
[M+H]" caled for CaoHaoINOsS™: 490.0907; found: 490.0908.

OH

Ts
1al

Compound 1al was prepared according to the general procedure. Colorless oil. 'H

NMR (400 MHz, CDCl3) 8 7.71 (d, J = 8.4 Hz, 3H), 7.51 (dd, J = 8.0, 1.2 Hz, 1H),
7.33 - 7.27 (m, 3H), 6.91 (td, J = 7.6, 1.6 Hz, 1H), 5.14 — 5.11 (m, 1H), 4.28 (s, 2H),
3.66 (s, 2H), 3.39 (t, J = 6.4 Hz, 2H), 2.42 (s, 3H), 2.07 — 2.02 (m, 2H), 1.70 (s, 1H),
1.40 (s, 3H). 3C NMR (100 MHz, CDCl3) 4 143.6, 139.4, 138.6, 136.4, 132.5, 129.9,
129.4,129.1, 128.4,127.5, 126.1, 98.3, 61.8, 57.5, 56.8, 31.5, 21.6, 14.5. HRMS (ESI)
m/z: [M+H]" calcd for C20H2sINO3S™: 486.0594; found: 486.0594.
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4. General Reaction Procedures

N OH Pd,(dba)s (10 mol%) A 0
/ R1 n | R1
(\\\\\_—/ _ fn 2 bpy (20 mol%) _ (U S R?
K,CO3 (3 equiv)
X )m DMF, 80°C,6 h X )m
(E)1 2

In an oven-dried 25 mL Schlenk tube, the mixture of vinyl/aryl iodide—alkenol

substrates (E)-1 (0.2 mmol), Pd>(dba); (0.02 mmol, 18.3 mg), bpy (0.04 mmol, 6.2 mg)
and K>COs3 (0.6 mmol, 82.9 mg) were dissolved in DMF (3.0 mL). The tube was stirred
at 80 °C in oil bath for 6 h. Upon completion, the mixture was cooled to room
temperature and was washed with water (20 mL), brine (20 mL). The resulting mixture
was extracted with EtOAc (2 x 20 mL) and the organic phase was dried with Na;SOs.
The solvents were removed under reduced pressure and the crude reaction mixture was
purified by chromatography on silica gel (petroleum ether/ethyl acetate = 5/1) to afford

the product 2.

Me
=z 0

N
Ts

2a

Compound 2a was obtained in 92% yield (68.0 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 9.83 (t, J=2.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H), 7.37 — 7.28 (m, 7H), 6.02
(s, 1H), 4.14 (d, J=15.6 Hz, 1H), 3.67 (dd, J=15.6, 1.6 Hz, 1H), 3.42 (d, J=11.4 Hz,
1H), 2.76 (dd, J=16.0, 2.4 Hz, 1H), 2.68 (d, J = 11.4 Hz, 1H), 2.61 (dd, J=16.0, 2.0
Hz, 1H), 2.44 (s, 3H), 1.25 (s, 3H). BC NMR (100 MHz, CDCl3) 6 201.2, 144.0, 137.9,
132.9,132.9,130.0, 129.9, 128.6, 128.2, 127.7, 125.5,53.2, 53.0,46.5,36.2,24.7, 21.6.
The spectroscopic data is consistent with the reported values in the literature (ACS Catal.

2025, 15, 72—80).
MeO



Compound 2b was obtained in 88% yield (70.3 mg). Colorless oil. 'H NMR (400 MHz,
CDCl3) 6 9.82 (t, J=2.0 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
7.24 —7.20 (m, 2H), 6.86 — 6.83 (m, 2H), 5.90 (s, 1H), 4.10 (dd, /= 15.6, 1.2 Hz, 1H),
3.80 (s, 3H), 3.60 (dd, J = 15.6, 1.6 Hz, 1H), 3.37 (d, J = 11.2 Hz, 1H), 2.74 (dd, J =
15.6,2.4 Hz, 1H), 2.64 — 2.56 (m, 2H), 2.43 (s, 3H), 1.22 (s, 3H). '3C NMR (100 MHz,
CDCl3) 0 201.3, 159.6, 143.9, 132.9, 132.3, 130.3, 129.9, 128.4, 127.7, 126.6, 114.0,
55.4, 53.2, 53.1, 46.5, 36.2, 24.7, 21.6. HRMS (ESI) m/z: [M+H]" calcd for

C22H26NO4S™: 400.1577; found: 400.1581.

Me

Me

z A0

N
Ts

2c
Compound 2¢ was obtained in 95% yield (72.9 mg). Colorless oil. 'TH NMR (400 MHz,
CDCl3) 6 9.82 (t, J=2.4 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
7.18 (d, J=8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 5.96 (s, 1H), 4.11 (dd, J=15.6, 1.2
Hz, 1H), 3.62 (dd, /= 15.6, 2.0 Hz, 1H), 3.38 (d, /= 11.2 Hz, 1H), 2.75 (dd, J = 15.6,
2.8 Hz, 1H), 2.64 — 2.57 (m, 2H), 2.43 (s, 3H), 2.33 (s, 3H), 1.23 (s, 3H). 13C NMR
(100 MHz, CDCls) ¢ 201.3, 143.9, 138.1, 135.0, 133.0, 132.8, 129.9, 129.3, 129.1,
127.7,125.3, 53.2, 53.1, 46.5, 36.2, 24.7, 21.6, 21.1. HRMS (ESI) m/z: [M+H]" calcd
for C2oH26NO3S™: 384.1628; found: 384.1626.

Bu
Me

7 0

N
Ts

2d
Compound 2d was obtained in 93% yield (79.2 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 9.82 (t,J=2.0 Hz, 1H), 7.71 (d, J= 8.4 Hz, 2H), 7.36-7.33 (m, 4H), 7.23 (d,
J=8.4Hz,2H), 5.97 (s, 1H), 4.13 (d, /= 15.6 Hz, 1H), 3.64 (dd, J=15.6, 1.6 Hz, 1H),
3.38 (d, J=11.2 Hz, 1H), 2.74 (dd, J = 16.0, 2.4 Hz, 1H), 2.64 (d, J = 11.2 Hz, 1H),
2.59 (dd, J=15.6,2.0 Hz, 1H), 2.43 (s, 3H), 1.31 (s, 9H), 1.23 (s, 3H). 3C NMR (100

MHz, CDCL) 6 201.2, 151.4, 143.9, 134.9, 133.0, 132.7, 129.9, 129.3, 127.7, 125.5,
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125.2, 53.2, 53.1, 46.5, 36.2, 34.6, 31.2, 24.7, 21.6. HRMS (ESI) m/z: [M+H]" calcd

for C25sH3:NO3S™: 426.2097; found: 426.2095.
F

Compound 2e was obtained in 92% yield (71.3 mg). Colorless oil. 'TH NMR (400 MHz,
CDCl3) 6 9.75 (t, J = 2.0 Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H),
7.20 —7.16 (m, 2H), 6.97 - 6.91 (m, 2H), 5.88 (s, 1H), 4.01 (dd, /= 15.6, 1.2 Hz, 1H),
3.53 (dd, J=15.6, 2.0 Hz, 1H), 3.32 (d, /= 11.6 Hz, 1H), 2.69 (dd, J = 16.0, 2.0 Hz,
1H), 2.58-2.51 (m, 2H), 2.36 (s, 3H), 1.17 (s, 3H). 1*C NMR (100 MHz, CDCls) &
201.0, 162.6 (d, Jc.r = 248.5 Hz), 144.0, 134.0 (d, Jc.r = 3.0 Hz), 133.0, 132.0, 130.0,
129.9,127.7,127.2 (d, Jc.r = 8.1 Hz), 115.5 (d, Jc.r = 22.2 Hz), 53.1, 53.0, 46.5, 36.2,
24.6,21.6. YFNMR (376 MHz, CDCl3) § -113.7. HRMS (ESI) m/z: [M+H]" calcd for

C21H23FNO3S™: 388.1377; found: 388.1378.
OMe

Ts
2f

Compound 2f was obtained in 86% yield (68.7 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 9.82 (t, J=2.0 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
7.23 (d, J=8.0 Hz, 1H), 6.88-6.86 (m, 1H), 6.84 — 6.80 (m, 2H), 6.00 (s, 1H), 4.10 (dd,
J=16.0, 1.2 Hz, 1H), 3.81 (s, 3H), 3.61 (dd, J=16.0, 1.6 Hz, 1H), 3.39 (d, J=11.6
Hz, 1H), 2.75 (dd, J=16.0, 2.4 Hz, 1H), 2.65-2.58 (m, 2H), 2.43 (s, 3H), 1.23 (s, 3H).
13C NMR (100 MHz, CDCl3) § 201.1, 159.7, 143.9, 139.4, 132.9, 132.8, 130.2, 129.9,
129.6,127.7, 118.0, 113.1, 111.7, 55.4, 53.2, 53.0, 46.6, 36.2, 24.6, 21.6. HRMS (ESI)
m/z: [M+H]" caled for C22H26NO4S™: 400.1577; found: 400.1577.
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Me

Compound 2g was obtained in 90% yield (69.0 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 9.83 (t,J=2.0 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H),
7.21 (t,J= 8.0 Hz, 1H), 7.09 (dd, J = 11.6, 8.0 Hz, 3H), 5.97 (s, 1H), 4.12 (d, J=16.0
Hz, 1H), 3.64 (dd, J=16.0, 1.6 Hz, 1H), 3.38 (d, /= 11.6 Hz, 1H), 2.75 (dd, J = 16.0,
2.4 Hz, 1H), 2.64 (d, J = 11.6 Hz, 1H), 2.59 (dd, J = 16.0, 2.0 Hz, 1H), 2.43 (s, 3H),
2.35 (s, 3H), 1.24 (s, 3H). 3C NMR (100 MHz, CDCl3) § 201.1, 143.9, 138.3, 137.9,
133.1(2C), 129.9, 129.8, 128.9, 128.5, 127.7, 126.2, 122.6, 53.2, 53.1, 46.6, 36.2, 24.6,
21.5, 21.4. HRMS (ESI) m/z: [M+H]" caled for C»H2sNO3S™: 384.1628; found:

384.1629.
Me

Ts
2h

Compound 2h was obtained in 89% yield (68.3 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 9.86 (t, J=2.4 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
7.22 —7.11 (m, 3H), 7.01 (d, J= 7.2 Hz, 1H), 5.55 (s, 1H), 3.83 (dd, /= 16.0, 1.2 Hz,
1H), 3.44 —3.40 (m, 2H), 2.77 — 2.68 (m, 2H), 2.60 (dd, J = 15.6, 2.0 Hz, 1H), 2.43 (s,
3H), 2.23 (s, 3H), 1.24 (s, 3H). 3C NMR (100 MHz, CDCl3) § 201.2, 143.9, 138.6,
135.5, 134.3, 133.0, 131.8, 130.4, 129.9, 128.6, 127.9, 127.7, 125.8, 53.2, 53.1, 48.2,
36.1, 24.8, 21.6, 19.7. HRMS (ESI) m/z: [M+H]" caled for C22H26NO3S™: 384.1628;
found: 384.1627.
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Me

Me =z

Compound 2i was obtained in 88% yield (70.0 mg). Colorless oil. 'H NMR (400 MHz,
CDCl3) 6 9.82 (t, J=2.0 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H),
6.94 — 6.89 (m, 3H), 5.94 (t, J=2.0 Hz, 1H), 4.11 (dd, J=15.6, 1.2 Hz, 1H), 3.61 (dd,
J=15.6,2.0 Hz, 1H), 3.37 (d, J=11.6 Hz, 1H), 2.75 (dd, /= 16.0, 2.4 Hz, 1H), 2.64 —
2.55 (m, 2H), 2.43 (s, 3H), 2.30 (s, 6H), 1.23 (s, 3H). 3C NMR (100 MHz, CDCls) &
201.3, 143.9, 138.2, 137.9, 133.2, 133.0, 129.9, 129.8, 129.6, 127.7, 123.4, 53.2, 53.1,
46.6, 36.2, 24.7, 21.6, 21.3. HRMS (ESI) m/z: [M+H]" calcd for C23H2sNO3S™
398.1784; found: 398.1785.

Compound 2j was obtained in 95% yield (58.4 mg). Colorless oil. "H NMR (400 MHz,
CDCl3) 6 9.76 (t, J= 2.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
5.36 (s, 1H), 3.56 (d, J=16.0 Hz, 1H), 3.26 (d, /= 11.6 Hz, 1H), 3.15 (d, J=16.0 Hz,
1H), 2.60 (dd, J = 15.6, 2.4 Hz, 1H), 2.50 (d, J = 11.6 Hz, 1H), 2.47 — 2.41 (m, 4H),
1.63 (s, 3H), 1.09 (s, 3H). 3C NMR (100 MHz, CDCls) 6 201.7, 143.8, 132.9, 129.8,
129.6, 127.8, 127.6, 53.3, 53.1, 48.3, 35.8, 24.8, 21.6, 20.4. HRMS (ESI) m/z: [M+H]"

caled for C16H22NO3S™: 308.1315; found: 308.1314.
Me

N
Ts
2k

Compound 2k was obtained in 94% yield (60.4 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 9.76 (t, J= 2.4 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
5.35 (s, 1H), 3.60 (d, J=15.6 Hz, 1H), 3.26 (d, J=11.6 Hz, 1H), 3.19 (d, /= 15.6 Hz,
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1H), 2.60 (dd, J = 15.6, 2.6 Hz, 1H), 2.51 (d, J = 11.6 Hz, 1H), 2.48 — 2.41 (m, 4H),
1.94 (q, J = 7.6 Hz, 2H), 1.11 (s, 3H), 0.97 (t, J= 7.6 Hz, 3H). 3C NMR (100 MHz,
CDCl) 6 201.7, 143.8, 135.2, 133.0, 129.8, 127.7, 126.0, 53.5, 53.2, 47.3, 35.6, 27.1,
24.9,21.6, 12.1. HRMS (ESI) m/z: [M+H]" calcd for C17H24NO3S": 322.1471; found:
322.1470.

Ts
21

Compound 21 was obtained in 92% yield (66.9 mg). Colorless oil. 'H NMR (400 MHz,
CDCl3) 6 9.76 (t, J = 2.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H),
5.35 (s, 1H), 3.59 (d, J=15.6 Hz, 1H), 3.25 (d, J=11.2 Hz, 1H), 3.19 (d, /= 16.0 Hz,
1H), 2.60 (dd, J = 15.6, 2.4 Hz, 1H), 2.51 (d, J= 11.2 Hz, 1H), 2.46 — 2.43 (m, 4H),
1.93 — 1.89 (m, 2H), 1.52 — 1.42 (m, 1H), 1.26 — 1.20 (m, 2H), 1.10 (s, 3H), 0.85 (d, J
= 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) 8 201.6, 143.7, 134.1, 133.1, 129.8, 127.7,
126.8, 53.5, 53.2,47.3, 36.8, 35.7,32.3,27.8,24.9, 22.5, 22.4, 21.5. HRMS (ESI) m/z:

[M+H]Jr caled for C20H30NO3S™: 364.1941; found: 364.1942.
Me

Ph\/\(jNO

N
Ts

2m

Compound 2m was obtained in 92% yield (73.1 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 9.61 (t, J = 2.4 Hz, 1H), 7.65 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
7.23 (d, J=7.6 Hz, 2H), 7.18 — 7.15 (m, 1H), 7.09 (d, J = 7.2 Hz, 2H), 5.32 (s, 1H),
3.63 (d,J=16.0 Hz, 1H), 3.24 - 3.17 (m, 2H), 2.75 - 2.63 (m, 2H), 2.56 (dd, J = 15.6,
2.4 Hz, 1H), 2.48 (d, J = 11.2 Hz, 1H), 2.45 (s, 3H), 2.40 (dd, J = 15.6, 2.4 Hz, 1H),
2.24 (t, J = 8.0 Hz, 2H), 1.06 (s, 3H). 3C NMR (100 MHz, CDCl3) & 201.7, 143.8,
140.9, 133.0, 132.7, 129.8, 128.4 (2C), 128.2, 127.7,126.1, 53.4, 53.1,47.2, 36.0, 35.7,
34.1,24.7,21.6. HRMS (ESI) m/z: [M+H]" calcd for C23H2sNO3S™: 398.1784; found:
398.1785.
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Compound 2n was obtained in 88% yield (66.1 mg). Colorless oil. 'H NMR (400 MHz,
CDCl3) 6 9.76 (t, J = 2.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
5.34 (s, 1H), 3.63 (d, J=15.6 Hz, 1H), 3.26 — 3.19 (m, 2H), 2.59 (dd, /= 15.6, 2.8 Hz,
1H), 2.50 (d, J=11.6 Hz, 1H), 2.46 — 2.41 (m, 4H), 1.78 — 1.62 (m, 6H), 1.27 — 1.07
(m, 8H). 3C NMR (100 MHz, CDCl3) 5 201.8, 143.7, 138.9, 133.0, 129.8, 127.7, 125 .4,
53.6, 53.3, 46.3, 42.9, 35.6, 32.1, 32.0, 26.5, 26.1, 25.1, 21.6. HRMS (ESI) m/z:

[M+H]" caled for C21H30NO3S™: 376.1941; found: 376.1943.

Me
= = Z°

T

20
Compound 20 was obtained in 86% yield (59.8 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 9.76 (t, J= 2.4 Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
5.77 —5.67 (m, 1H), 5.39 (s, 1H), 5.00 — 4.94 (m, 2H), 3.60 (d, /= 16.0 Hz, 1H), 3.26
(d,J=11.2 Hz, 1H), 3.20 (d, /= 16.0 Hz, 1H), 2.61 (dd, J=15.6, 2.4 Hz, 1H), 2.52 (d,
J=11.2 Hz, 1H), 2.48 — 2.42 (m, 4H), 2.16 — 2.11 (m, 2H), 2.04 — 2.00 (m, 2H), 1.11
(s, 3H). 13C NMR (100 MHz, CDCl3) 8 201.6, 143.8, 137.3, 133.0, 132.9, 129.8, 127.7
(20), 115.3, 53.4, 53.1, 47.3, 35.7, 33.5, 31.8, 24.9, 21.6. HRMS (ESI) m/z: [M+H]"

caled for C19H26NO3S™': 348.1628; found: 348.1628.

Me "Pr
Me = 0
N
Ts
2p

Compound 2p was obtained in 88% yield (82.3 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 9.81 (t, J = 2.4 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H),

6.94 — 6.89 (m, 3H), 5.96 (s, 1H), 4.06 (dd, J = 15.6, 1.2 Hz, 1H), 3.65 (dd, J = 15.6,
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1.6 Hz, 1H), 3.28 (d, J= 11.2 Hz, 1H), 2.75 (d, J= 11.2 Hz, 1H), 2.70 (dd, J = 15.6, 2.8
Hz, 1H), 2.59 (dd, J= 15.6, 2.4 Hz, 1H), 2.44 (s, 3H), 2.31 (s, 6H), 1.62 — 1.53 (m, 2H),
1.26 (s, 8H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3) & 201.6, 143.9,
138.2, 138.0, 133.6, 133.0, 129.9, 129.8, 128.9, 127.7, 123.4, 51.4, 51.1, 46.8, 39.2,
38.1, 31.7, 29.8, 23.8, 22.6, 21.6, 21.3, 14.1. HRMS (ESI) m/z: [M+H]" calcd for
CasH3sNO3S™: 468.2567; found: 468.2568.

CoFs
Ph ¥ .0
N
Ts
2q

Compound 2q was obtained in 87% yield (87.3 mg). Pale yellow oil. "H NMR (400
MHz, CDCI3) 6 9.79 (t,J=2.0 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.39 — 7.27 (m, 7H),
5.96 (s, 1H), 4.03 (dd, /= 16.0, 1.2 Hz, 1H), 3.80 (dd, J=16.0, 1.6 Hz, 1H), 3.25 (d, J
=11.6 Hz, 1H), 2.89 (d, J=11.6 Hz, 1H), 2.77 (dd, J = 16.6, 2.0 Hz, 1H), 2.67 (dd, J
=16.6, 1.6 Hz, 1H), 2.44 (s, 3H), 2.13 — 2.03 (m, 2H), 1.99 — 1.92 (m, 2H). ¥C NMR
(100 MHz, CDCls) ¢ 200.1, 144.2, 137.5, 135.4, 132.8, 130.0, 128.8, 128.6, 127.7,
127.0, 125.5, 50.9, 50.6, 46.6, 38.3, 27.0 (d, Jc.r = 233.3 Hz), 25.8 (d, Jc.r = 43.4 Hz),
21.6. ’F NMR (376 MHz, CDCl3) 6 -85.2, -118.4. HRMS (ESI) m/z: [M+H]" calcd
for C24H25FsNO3S™: 502.1470; found: 502.1471.
Ph = O

N
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2r
Compound 2r was obtained in 85% yield (69.6 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 9.83 (t, J=2.0 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.36 — 7.28 (m, 7H), 6.12
(s, 1H), 4.08 (dd, J = 15.6, 1.2 Hz, 1H), 3.68 (dd, J = 15.6, 2.0 Hz, 1H), 3.36 (d, J =
11.6 Hz, 1H), 2.90 (d, /= 11.6 Hz, 1H), 2.84 (dd, J = 16.0, 2.4 Hz, 1H), 2.75 (dd, J =
16.0, 2.4 Hz, 1H), 2.44 (s, 3H), 1.60 — 1.51 (m, 2H), 0.71 — 0.61 (m, 1H), 0.54 — 0.46
(m, 2H), 0.13 — 0.03 (m, 2H). 3C NMR (100 MHz, CDCls) & 201.6, 144.0, 138.0,
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133.1,132.8,129.9,129.4, 128.6, 128.2, 127.7,125.5,51.7,51.1,46.7,42.8, 40.4, 21.6,
6.0, 5.3, 4.7. HRMS (ESI) m/z: [M+H]" caled for C24H2sNO3S™: 410.1784; found:

410.1784.
Et

N
Ts

2s
Compound 2s was obtained in 91% yield (69.8 mg). Colorless oil. "H NMR (400 MHz,
CDCl3) 6 9.82 (t, J=2.4 Hz, 1H), 7.71 (d, J = 8.4 Hz, 2H), 7.37 — 7.27 (m, 7TH), 6.02
(s, 1H), 4.08 (dd, J = 15.6, 1.2 Hz, 1H), 3.68 (dd, J = 15.6, 2.0 Hz, 1H), 3.30 (d, J =
11.6 Hz, 1H), 2.78 (d, J = 11.6 Hz, 1H), 2.71 (dd, J = 16.0, 2.4 Hz, 1H), 2.61 (dd, J =
16.0, 2.4 Hz, 1H), 2.44 (s, 3H), 1.71 — 1.59 (m, 2H), 0.92 (t,J= 7.2 Hz, 3H). 3C NMR
(100 MHz, CDCl3) 6 201.4, 143.9, 138.0, 133.6, 132.9, 129.9, 129.0, 128.6, 128.2,
127.7, 125.5, 51.0, 50.5, 46.7, 39.4, 30.5, 21.6, 8.2. HRMS (ESI) m/z: [M+H]" calcd

for C2oHa6NO3S™': 384.1628; found: 384.1627.
Bn
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Compound 2t was obtained in 89% yield (79.3 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 9.66 (t,J=2.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.29 — 7.19 (m, 10H), 7.11
(d,J=7.2Hz, 2H), 5.97 (s, 1H), 3.86 (dd, /=16.0, 1.6 Hz, 1H), 3.89 (dd, /J=16.0, 1.6
Hz, 1H), 3.04 —2.98 (m, 2H), 2.94 (d, J=13.6 Hz, 1H), 2.86 (d, J=13.6 Hz, 1H), 2.56
—2.46 (m, 2H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 201.4, 144.0, 137.9, 136.2,
133.5, 132.7, 130.6, 129.9, 128.7 (2C), 128.4, 128.2, 127.7, 126.9, 125.5, 51.4, 50.1,
46.8, 43.7, 40.0, 21.6. HRMS (ESI) m/z: [M+H]" calcd for C27H2sNO3S™: 446.1784;

found: 446.1785.
Ph

N
Ts
2u

Compound 2u was obtained in 74% yield (63.9 mg). Colorless oil. 'H NMR (400 MHz,
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CDCI3) 6 9.75 (t,J=2.0 Hz, 1H), 7.63 (d, /= 8.0 Hz, 2H), 7.38 — 7.28 (m, 12H), 6.48
(s, 1H), 4.34 (d, /= 16.0 Hz, 1H), 3.66 — 3.61 (m, 2H), 3.31 — 3.22 (m, 2H), 2.81 (d, J
=11.6 Hz, 1H), 2.40 (s, 3H). 3C NMR (100 MHz, CDCl3) § 200.5, 144.0, 142.6, 137.8,
134.5, 132.9, 129.9, 129.0, 128.8, 128.4, 128.3, 127.7, 127.4, 126.5, 125.6, 54.9, 52.3,
46.6,43.1,21.6. HRMS (ESI) m/z: [M+H]" caled for C26H26NO3S™: 432.1628; found:

N
Ts

2v

432.1628.

Compound 2v was obtained in 86% yield (61.1 mg). Colorless oil. "H NMR (400 MHz,
CDCIs) 6 9.84 (s, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.34 — 7.27 (m, 7H), 6.03 — 6.02 (m,
1H), 4.15 (d, J=16.0 Hz, 1H), 3.67 (d, J = 16.0 Hz, 1H), 3.24 (dd, J = 12.8, 5.2 Hz,
1H), 3.04 — 3.01 (m, 2H), 2.82 (dd, J = 18.0, 6.8 Hz, 1H), 2.68 (dd, J = 18.0, 7.0 Hz,
1H), 2.43 (s, 3H). 13C NMR (100 MHz, CDCl3) & 200.5, 143.8, 138.1, 134.5, 133.2,
129.8,128.6, 128.1,127.7,125.4,125.1,47.2,46.9, 46.6, 30.0, 21.5. HRMS (ESI) m/z:
[M+H]" caled for C20H22NO3S*: 356.1315; found: 356.1317.

2w

Compound 2w was obtained in 82% yield (52.7 mg). White solid (mp 63-65 °C). 'H
NMR (400 MHz, CDCls) 6 7.59 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 5.69 —
5.66 (m, 1H), 5.54 — 5.50 (m, 1H), 3.70 — 3.64 (m, 1H), 3.25 (d, J=11.6 Hz, 1H), 3.19
(dt,J=16.0,2.4 Hz, 1H), 2.66 (d, J=16.8 Hz, 1H), 2.55 (d, /= 16.8 Hz, 1H), 2.48 (d,
J=11.6 Hz, 1H), 2.36 (s, 3H), 2.06 (s, 3H), 1.57 — 1.48 (m, 2H), 0.73 (t, J = 7.6 Hz,
3H). BC NMR (100 MHz, CDCl3) 8 207.6, 143.6, 133.1 (2C), 129.7, 127.6, 121.5, 51.1,
48.9, 45.0, 38.7, 31.8, 28.8, 21.5, 8.2. The spectroscopic data is consistent with the
reported values in the literature (ACS Catal. 2025, 15, 72—80).
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Compound 2x was obtained in 84% yield (71.8 mg). Colorless oil. '"H NMR (400 MHz,
CDCI3) 6 7.70 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 6.78 — 6.73 (m, 3H), 5.96
—5.94 (m, 3H), 4.09 (d, J=15.6 Hz, 1H), 3.48 (dd, J=15.6, 2.0 Hz, 1H), 3.43 (d, J =
11.6 Hz, 1H), 2.83 (d, /= 16.8 Hz, 1H), 2.63 (d, J=16.8 Hz, 1H), 2.47 (d, J=11.6 Hz,
1H), 2.42 (s, 3H), 2.13 (s, 3H), 1.20 (s, 3H). ¥C NMR (100 MHz, CDCls) 8 207.4,
147.9,147.4,143.8,133.0,132.4, 131.3,130.1, 129.8, 127.6, 118.9, 108.2, 106.0, 101.2,
53.2, 51.8, 46.7, 35.9, 31.8, 23.8, 21.6. The spectroscopic data is consistent with the
reported values in the literature (4CS Catal. 2025, 15, 72—80).

Me

= 0]
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2y
Compound 2y was obtained in 86% yield (64.9 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 7.65 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 5.38 (s, 1H), 3.61 (d, J =
15.6 Hz, 1H), 3.32 (d, J=11.2 Hz, 1H), 3.09 (d, J= 15.6 Hz, 1H), 2.69 (d, /= 16.4 Hz,
1H), 2.50 (d, J = 16.4 Hz, 1H), 2.41 (s, 3H), 2.36 (d, J = 11.2 Hz, 1H), 2.10 (s, 3H),
1.89 — 1.85 (m, 2H), 1.50 — 1.40 (m, 1H), 1.23 — 1.18 (m, 2H), 1.08 (s, 3H), 0.83 (dd, J
= 6.8, 1.2 Hz, 6H). 13C NMR (100 MHz, CDCls) § 207.7, 143.6, 133.1, 132.9, 129.7,
127.8, 127.6, 53.5, 51.8, 47.4, 36.8, 35.4, 32.3, 31.9, 27.8, 23.9, 22.5, 22.4, 21.5.
HRMS (ESI) m/z: [M+H]" calced for C21H3:NO3S™: 378.2097; found: 378.2098.

Y
s

2z

Compound 2z was obtained in 72% yield (44.3 mg). Colorless oil. '"H NMR (400 MHz,
CDCl3) 6 7.70 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 4.90 (t, J = 1.6 Hz, 1H),
4.83 (t,J=2.0 Hz, 1H), 3.90 — 3.80 (m, 2H), 3.32 (d, /=9.6 Hz, 1H), 3.12 (d, /= 9.6
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Hz, 1H), 2.61 (d, J=17.2 Hz, 1H), 2.49 — 2.43 (m, 4H), 2.07 (s, 3H), 1.15 (s, 3H). 13C
NMR (100 MHz, CDCl3) 6 206.4, 152.3, 143.7, 132.6, 129.7, 127.9, 106.0, 58.6, 51.7,
50.8, 43.6, 31.5, 23.8, 21.6. The spectroscopic data is consistent with the reported
values in the literature (ACS Catal. 2025, 15, 72—-80).

e
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Compound 2aa was obtained in 78% yield (45.8 mg). Colorless oil. "TH NMR (400
MHz, CDCl3) 8 9.65 (t, J = 2.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz,
2H), 4.97 (t, J= 2.0 Hz, 1H), 4.88 (t,J = 2.0 Hz, 1H), 3.91 (dt, J = 14.4, 2.4 Hz, 1H),
3.83 (dt, /= 14.4,2.4 Hz, 1H), 3.30 (d, /= 9.6 Hz, 1H), 3.07 (d, J= 9.6 Hz, 1H), 2.56
(dd, J = 16.4, 2.4 Hz, 1H), 2.47 — 2.41 (m, 4H), 1.18 (s, 3H). 13C NMR (100 MHz,
CDCIs) 6 200.5, 150.9, 143.9, 132.4, 129.8, 127.8, 107.0, 58.83, 51.7, 51.5, 43.4, 24.0,
21.6. HRMS (ESI) m/z: [M+H]" calcd for C1sH20NO3S™: 294.1158; found: 294.1158.
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Compound 2ab was obtained in 90% yield (69.0 mg). Colorless oil. '"H NMR (400
MHz, CDCI3) 6 9.82 (t,J=2.4 Hz, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.39 — 7.28 (m, 7H),
5.65 (s, 1H), 4.29 (d, /= 16.8 Hz, 1H), 4.13 (d, /= 16.9 Hz, 1H), 3.50 — 3.43 (m, 1H),
3.38-3.32 (m, 1H), 2.66 — 2.58 (m, 2H), 2.42 (s, 3H), 2.08 —2.01 (m, 1H), 1.91 — 1.84
(m, 1H), 1.28 (s, 3H). ¥C NMR (100 MHz, CDCl3) 6 201.9, 143.5, 142.2, 138.6, 137.8,
135.2,129.8,128.5,127.6,127.2,126.7, 54.3,47.8, 44.6, 38.8,35.7,27.6,21.6. HRMS
(EST) m/z: [M+H]" calcd for C22H26NO3S™: 384.1628; found: 384.1626.
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Compound 2ac was obtained in 92% yield (59.1 mg). Colorless oil. "TH NMR (400
MHz, CDCl3) 6 9.76 (t, J= 2.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz,
2H), 5.28 (s, 1H), 3.76 (d, /= 16.8 Hz, 1H), 3.59 (d, /= 16.8 Hz, 1H), 3.43 — 3.36 (m,
1H), 3.26 — 3.20 (m, 1H), 2.56 — 2.47 (m, 2H), 2.42 (s, 3H), 1.93 — 1.87 (m, 1H), 1.79
—1.72 (m, 4H), 1.16 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 202.5, 143.4, 135.2, 134.1,
133.4, 129.7, 127.2, 54.4, 48.4, 44.6, 38.0, 36.4, 27.9, 24.2, 21.5. HRMS (ESI]) m/z:
[M+H]" caled for C17H24NO3S™: 322.1471; found: 322.1470.
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Compound 2ad was obtained in 84% yield (58.4 mg). Colorless oil. '"H NMR (400
MHz, CDCl3) 6 9.76 (t, J = 2.4 Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.0 Hz,
2H), 5.61 (s, 1H), 5.02 (s, 1H), 4.97 (s, 1H), 4.15 (d, J=16.4 Hz, 1H),3.93 (d,/=16.4
Hz, 1H), 3.46 — 3.40 (m, 1H), 3.29 — 3.23 (m, 1H), 2.58 (d, J = 2.4 Hz, 2H), 2.42 (s,
3H), 1.98 — 1.92 (m, 1H), 1.89 (s, 3H), 1.81 — 1.74 (m, 1H), 1.22 (s, 3H). 3C NMR
(100 MHz, CDCl3) 6 201.9, 143.4,143.1, 137.6, 136.0, 135.2, 129.7,127.2, 112.6, 54.2,
44.8, 44.6, 38.4, 35.6, 27.8, 21.8, 21.5. HRMS (ESI) m/z: [M+H]" calcd for
Ci9H26NO3S™: 348.1628; found: 348.1628.
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Compound 2ae was obtained in 91% yield (62.5 mg). Colorless oil. "TH NMR (400
MHz, CDCI3) 6 9.66 — 9.95 (m, 1H), 7.75 (d, J= 8.0 Hz, 2H), 7.37 (d, /= 8.0 Hz, 2H),
7.30 — 7.28 (m, 1H), 7.24 — 7.16 (m, 2H), 7.06 — 7.04 (m, 1H), 4.43 (d, J = 14.8 Hz,
1H), 4.06 (d, J = 14.8 Hz, 1H), 3.59 (dd, J = 12.0, 0.8 Hz, 1H), 2.89 (dd, /= 15.6, 2.0
Hz, 1H), 2.83 (d, J=11.8 Hz, 1H), 2.72 (dd, J = 15.6, 3.2 Hz, 1H), 2.44 (s, 3H), 1.45
(s, 3H). BC NMR (100 MHz, CDCI3) § 201.3, 144.0, 139.7, 132.7, 130.8, 129.9, 127.8,

127.5,127.0,126.7,126.0, 53.9, 53.8, 48.5,37.8,25.8,21.6. HRMS (ESI) m/z: [M+H]"
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caled for C19H22NO3S™: 344.1315; found: 344.1315.
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Compound 2af was obtained in 92% yield (65.8 mg). Colorless oil. "H NMR (400 MHz,
CDCl3) 6 9.64 (t, J = 2.4 Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H),
7.15 (d, J=8.0 Hz, 1H), 7.03 (d, J = 8.0 Hz, 1H), 6.85 (s, 1H), 4.38 (d, J = 14.8 Hz,
1H), 4.00 (d, J = 14.8 Hz, 1H), 3.55 (d, J = 11.6 Hz, 1H), 2.85 (dd, J = 15.6, 2.1 Hz,
1H), 2.79 (d, J = 11.6 Hz, 1H), 2.69 (dd, J = 15.6, 3.2 Hz, 1H), 2.43 (s, 3H), 2.27 (s,
3H), 1.41 (s, 3H). 13C NMR (100 MHz, CDCl3) 3 201.5, 144.0, 136.7, 136.6, 132.8,
130.6, 129.9, 128.3,127.8,127.1,125.9, 54.1, 53.8, 48.4, 37.5, 25.8, 21.6, 20.9. HRMS

(EST) m/z: [M+H]" calcd for C20H24NO3S™: 358.1471; found: 358.1472.
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Compound 2ag was obtained in 81% yield (61.2 mg). Colorless oil. "H NMR (400
MHz, CDCl3) 6 9.65 (t, J= 2.4 Hz, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.1 Hz,
2H), 7.22 —7.17 (m, 2H), 7.04 (s, 1H), 4.38 (d, /= 14.8 Hz, 1H), 4.01 (d, J = 14.8 Hz,
1H), 3.57 (d, J=12.0 Hz, 1H), 2.88 (dd, J = 15.6, 2.0 Hz, 1H), 2.79 (d, J = 12.0 Hz,
1H), 2.70 (dd, J = 15.6, 2.4 Hz, 1H), 2.44 (s, 3H), 1.42 (s, 3H). 13C NMR (100 MHz,
CDCl) & 200.7, 144.2, 138.4, 132.7, 132.7, 132.6, 130.0, 127.8, 127.7, 127.6, 126.5,
53.7,53.5,48.1,37.6,25.7,21.6. HRMS (ES]) m/z: [M+H]" calcd for C19H2CINO3S™:

378.0925; found: 378.0923.

2ah
Compound 2ah was obtained in 83% yield (31.6 mg). Colorless oil. '"H NMR (400
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MHz, CDCl3) 6 9.53 —9.52 (m, 1H), 7.27 (d, /= 7.6 Hz, 1H), 7.20 — 7.16 (m, 1H), 7.15
—7.11 (m, 1H), 6.92 (dd, J= 7.6, 0.8 Hz, 1H), 4.79 — 4.71 (m, 2H), 3.86 (d, J=11.6
Hz, 1H), 3.56 (d, /= 11.6 Hz, 1H), 2.66 (dd, J=15.2, 2.0 Hz, 1H), 2.55 (dd, J=15.2,
3.2 Hz, 1H), 1.29 (s, 3H). *C NMR (100 MHz, CDCl3) & 202.1, 139.5, 133.8, 127.2,
126.7, 125.8, 124.4, 75.0, 68.9, 54.8, 36.4, 24.3. HRMS (ESI) m/z: [M+H]" calcd for
C12Hi1502": 191.1067; found: 191.1066.
2ah’

Compound 2ah' was obtained in 79% yield (38.6 mg). Colorless oil. 'H NMR (400
MHz, CDCl3) 6 9.67 (t,J=2.8 Hz, 1H), 7.32 — 7.28 (m, 2H), 7.23 — 7.17 (m, 3H), 5.41
(d, J=1.2 Hz, 1H), 4.07 — 3.98 (m, 2H), 3.65 (dd, /= 11.2, 0.8 Hz, 1H), 3.34 (d, J =
11.2 Hz, 1H), 2.81 — 2.69 (m, 2H), 2.45 (dd, J = 14.8, 3.2 Hz, 1H), 2.31 (dd, J = 14.8,
2.4 Hz, 1H), 2.25 (t, J = 8.0 Hz, 2H). 3C NMR (100 MHz, CDCls) 8 202.7, 141.3,
136.1, 128.4,128.4, 126.9, 126.1, 74.3, 67.9, 53.3, 34.6, 34.4, 34.1, 24.0. HRMS (ESI)
m/z: [M+H]" calcd for Ci16H2102": 245.1536; found: 245.1537.

Ph Me
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Compound 2ai was obtained in 82% yield (62.9 mg). Colorless oil. "H NMR (400 MHz,
CDCl3) 6 9.78 (t, J= 1.2 Hz, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.36 — 7.27 (m, 7H), 5.78
(s, 1H), 4.04 (dd, J = 15.6, 1.2 Hz, 1H), 3.67 (dd, J = 15.6, 1.8 Hz, 1H), 3.19 (d, J =
11.2 Hz, 1H), 2.64 (d, J=11.2 Hz, 1H), 2.60 — 2.54 (m, 2H), 2.43 (s, 3H), 1.92 — 1.80
(m, 2H), 1.10 (s, 3H). 3C NMR (100 MHz, CDCl3)  202.1, 143.8,138.1, 132.9, 132.7,
130.8,129.8, 128.6, 128.0, 127.7, 125.4,52.7,46.4,39.3,36.0,31.9, 24.8,21.6. HRMS
(EST) m/z: [M+H]" calcd for C22H26NO3S™: 384.1628; found: 384.1629.
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Compound 2aj was obtained in 80% yield (51.4 mg). Colorless oil. "H NMR (400 MHz,
CDCl3) 6 9.75 (t, J = 1.6 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H),
5.16 (s, 1H), 3.50 (d, J=15.6 Hz, 1H), 3.17 (d, J = 15.6 Hz, 1H), 3.07 (d, /= 11.2 Hz,
1H), 2.52 — 2.45 (m, 3H), 2.43 (s, 3H), 1.80 — 1.68 (m, 2H), 1.63 (s, 3H), 0.97 (s, 3H).
13C NMR (100 MHz, CDCls) & 202.4, 143.6, 132.9, 129.8, 129.2, 128.6, 127.7, 52.9,
482, 39.3, 35.4, 319, 24.8, 21.6, 20.4. HRMS (ESI) m/z: [M+H]" calcd for

C17H24NO3S™: 322.1471; found: 322.1470.

Z Z o
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Compound 2ak was obtained in 76% yield (55.0 mg). Colorless oil. '"H NMR (400
MHz, CDCl3) 6 9.75 (t, J= 1.6 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz,
2H), 5.77 = 5.67 (m, 1H), 5.17 (s, 1H), 5.00 — 4.93 (m, 2H), 3.53 (d, J=15.6 Hz, 1H),
3.20 (d, J=15.6 Hz, 1H), 3.06 (d, J=11.2 Hz, 1H), 2.51 — 2.45 (m, 3H), 2.43 (s, 3H),
2.15-2.10 (m, 2H), 2.03 — 1.99 (m, 2H), 1.80 — 1.67 (m, 2H), 0.97 (s, 3H). 13C NMR
(100 MHz, CDCl3) 6 202.4, 143.7,137.5,132.9,132.5, 129.8, 128.4,127.7, 115.3, 53.0,
47.2, 39.3, 35.4, 33.7, 32.0, 31.8, 25.0, 21.6. HRMS (ESI) m/z: [M+H]" calcd for
C20H2sNO3S™: 362.1784; found: 362.1784.
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Compound 2al was obtained in 73% yield (52.2 mg). Colorless oil. "H NMR (400 MHz,
CDCI3) 6 9.69 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.25 - 7.13
(m, 3H), 7.02 (d, /= 7.6 Hz, 1H), 4.42 (d, /= 14.4 Hz, 1H), 3.96 (d, /= 14.4 Hz, 1H),
3.39(d,J=11.6 Hz, 1H), 2.67 (d, J = 11.6 Hz, 1H), 2.57 — 2.48 (m, 1H), 2.43 — 2.35
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(m, 4H), 2.16 — 2.09 (m, 1H), 1.99 — 1.91 (m, 1H), 1.29 (s, 3H). 3C NMR (100 MHz,
CDCls) § 202.0, 144.0, 140.6, 132.6, 130.9, 129.9, 127.8, 127.3, 126.6, 126.5, 126.0,
53.5, 48.4, 39.5, 37.5, 33.4, 25.9, 21.6. HRMS (ESI) m/z: [M+H]" calcd for
C20H24NO3S™: 358.1471; found: 358.1472.
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Compound 2a' was obtained in 58% yield (44.5 mg). Colorless oil. "H NMR (400 MHz,
CDCl3) 6 7.70 (d, J= 8.0 Hz, 2H), 7.34 — 7.27 (m, 7H), 5.83 (t, /= 2.0 Hz, 1H), 5.79 —
5.67 (m, 2H), 4.14 (d, J = 4.8 Hz, 2H), 3.97 (dd, J = 15.6, 1.6 Hz, 1H), 3.79 (dd, J =
15.6, 1.6 Hz, 1H), 3.15 (d, J = 11.6 Hz, 1H), 2.83 (d, J = 11.6 Hz, 1H), 2.42 (s, 3H),
1.24 (s, 3H). 13C NMR (100 MHz, CDCl3) 6 143.7, 138.2, 136.6, 133.3, 132.3, 130.1,
129.8,128.9, 128.6, 128.0, 127.7,125.4, 63.5, 53.4,46.3,38.9,24.7,21.6. HRMS (ESI)

m/z: [M+Na]" calcd for C22H2sNNaOsS™: 406.1447; found: 406.1446.
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5. Synthetic Applications
Me

|
Me OH Ph O
Ph‘( )J 1.24 gram-scale \@N
N standard conditions N
Ts Ts
2a, 84%

(E)-1a

Gram-scale reaction: In an 100 mL Schlenk tube, the mixture of vinyl iodide—alkenol
substrate (E)-1a (4.0 mmol, 1.99 g), Pd(OAc) (0.2 mmol, 183.1 mg), bpy (0.4 mmol,
62.5 mg) and K>CO3 (12.0 mmol, 1.66 g) were dissolved in DMF (30 mL). The tube
was stirred at 80 °C in oil bath for 18 h. Upon completion, the mixture was cooled to
room temperature and was washed with water (40 mL), brine (40 mL). The resulting
mixture was extracted with EtOAc (3 x 20 mL) and the organic phase was dried with
NaySO4. The solvents were removed under reduced pressure and the crude reaction
mixture was purified by chromatography on silica gel (petroleum ether/ethyl acetate =

5/1) to afford the product 2 (84%, 1.24 g).

Me Me

[o) |
thj/\& 1) NaBH,, MeOH Ph\(j/\/
N 2) imidazole, PPhg, I, N
Ts Ts
2a 3, 82%

In an 25 mL Schlenk tube, a solution of compound 2a (0.2 mmol, 73.9 mg) in MeOH
(2.0 mL) at 0 °C was slowly added NaBH4 (0.5 mmol, 18.9 mg), Then, the reaction
mixture was warmed up to room temperature and further stirred for 30 min. After
completion, the solution was quenched by saturated NaCl solution and extracted with
EtOAc. The combined organic layers were dried with Na;SO4 and concentrated under
reduced pressure. The obtained crude product was used in the next step without further
purification.

To a solution of the crude product in DCM (3 mL) at 0 °C was added imidazole (0.24
mmol, 16.3 mg), PPh3 (0.22 mmol, 57.8 mg) and > (0.22 mmol, 55.8 mg) sequentially.
Then, the reaction mixture was warmed up to room temperature and further stirred for
1 h. After completion, the solution was quenched by saturated Na>S>O3 solution and
extracted with DCM. The combined organic layers were dried with Na>SO4 and
concentrated under reduced pressure. the crude reaction mixture was purified by

chromatography on silica gel (petroleum ether/ethyl acetate) to afford the compound 3
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in 82% vield (78.9 mg). Pale red solid (mp 115 — 117 °C). '"H NMR (400 MHz, CDCls)

07.71 (d, J= 8.4 Hz, 2H), 7.36 — 7.28 (m, 7H), 5.80 (t, /= 1.6 Hz, 1H), 4.04 (dd, J =
15.6, 1.2 Hz, 1H), 3.65 (dd, J=15.6, 1.6 Hz, 1H), 3.31 — 3.15 (m, 3H), 2.61 (d, J=11.6
Hz, 1H), 2.44 (s, 3H), 2.28 — 2.13 (m, 2H), 1.11 (s, 3H). '3C NMR (100 MHz, CDCls)
0 144.0, 138.2, 133.2, 132.9, 130.2, 130.0, 128.8, 128.3, 127.9, 125.6, 52.5, 46.6, 45.6,
39.2,24.8,21.8, -0.0. HRMS (ESI) m/z: [M+H]" caled for C21HasINO2S™: 482.0645;
found: 482.0644.

Me PhsPMeBr (1.5 equiv) Me

Ph (0] Ph
\(j/v "BuLi (2 equiv) \(jM
N THF(dry), 0 °C - rt N
Ts Ts
2a 4, 90%

Under N; atmosphere, a solution of PhsPMeBr (0.3 mmol, 108.0 mg) in THF was added
"BuLi (0.6 mmol, 0.3 mL, 2.0 M in hexane) at 0 °C for 30 min, then 2a (0.2 mmol, 73.9
mg) dissolved in THF was added and the reaction mixture stirred at room temperature
for 6 h. Upon completion, the mixture was quenched by saturated aq. NH4Cl and
extracted with EtOAc. The organic layers were combined, dried over Na>SOs,
concentrated under reduce pressure. The residue was purified by chromatography on
silica gel to afford the desired product 4 in 90% yield (66.2 mg). Colorless oil. 'H NMR
(400 MHz, CDCl3) 6 7.64 (d, J=8.4 Hz, 2H), 7.28 — 7.19 (m, 7H), 5.80 — 5.70 (m, 2H),
5.06 — 5.02 (m, 2H), 3.83 (dd, J = 15.6, 1.6 Hz, 1H), 3.73 (dd, J = 15.6, 1.6 Hz, 1H),
297 (d,J=11.2 Hz, 1H), 2.70 (d, J = 11.2 Hz, 1H), 2.36 (s, 3H), 2.17 (d, /= 7.2 Hz,
2H), 1.03 (s, 3H). 3C NMR (100 MHz, CDCl3) & 143.6, 138.4, 133.6, 133.2, 131.9,
131.6, 129.8, 128.5, 127.8, 127.7, 125.4, 118.6, 52.6, 46.5, 44.0, 36.7, 24.1, 21.6.
HRMS (ESI) m/z: [M+H]" calcd for C22H26NO,S™: 368.1679; found: 368.1678.
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6. HPLC Chromatograms

2a: AYH i-PrOH/hexane = 25/75, v = 1.0 mL/min, A = 254 nm

Me
0]
Ph__~ A~
N
Ts
2 Detector <«—Hi##A 25ind
%
750- A - .
|| (purified) racemic product
|
1 |
00+ | o
| II =
| =
1
250 | \
N
o _J
e —
) 10 20 30 10 50 _
Retention Time Area Height Area% e
9 E "T
B A 254n ) )
Peak «—— % | fRfiedm | @it | @ | i
1| 23.736 | 140683722 | 920437 |  49.498
2] 41041 | 143530173 | 341100 | 50.502
284222895 1261537 100, 000

Total «—— £if

500-) Detector <——HEA 254na
| (purified) enantioenriched product 2
3]
300 N
J |I |
| \ |
200 [\ |
] [ |
| | | {
] [ | [
100+ [ 1 I|I
| | K |
] | |
ol o J J
10 20 30 10 50
Retention Time Area Height Area% fmin
<HER> J L
ki WEEA 254n
Peak «——  ®i'y | {8 | meR | @ | diEs
1| 22771 41912842 | 309289 | 23,143
2| 38.333 | 139191021 | 366723 |  76.857
Total «—— it 181106864 BT6012 100. 000
7. ™H and *C NMR Spectra
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6 Spectral Width 23809. 5 / Me OH

7 Lowest Frequency -1840. 5 1l

8 Nucleus 13C

9 Acquired Size 32768 -INS

10 Spectral Size 32768

T T T T I T T T I T T T T T I T T T I T T T I T I
200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

_-59.10
—56.12
~53.31
—2158
\19.60
—13.98

\.76.96




M~NMNO WM OO WO ™M — N~ <t — 0 o O O — [e)INe)] N~ [gV]
N O OO~ MOY O NMNWNDIN< o — (\l — o <t N~ N~ O
Lo NANNOMN Y NSNS NS N - n < A ™~ ™M
NNNNNO OO N N < < < ™M A A — —
=) = VN |
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012. 8
7 Lowest Frequency -1535. 4 |
8 Nucleus 11 / Me_ OH
9 Acquired Size 32768
10 Spectral Size 65536 N
Ts
1i
|
! I
|
| i
|
|
)\' ! U
ey A T ™ " T T T T
o NSO N ™M — n o —
©CoQooQ < e < S o N - -
AN AN — (N — — (qV] (qV] A o™ O — on
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 T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10 05 00



T OWNMNL— O WL
NS ~NNOONMS O O w;nm— < — < © o —
OCMONWOMOG O I~ LN N N © un nao o
<ttt omon on N NN NN Al NN o mnm - <t
- T ™ ™ ™ ™ ™ — ™ O M~ M~ DM~ n N N [oV IR eV —
=\ N~ VN N
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 I
3 Temperature 0.0 / Me OH
4 Number of Scans 150 —
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 -]NS
7 Lowest [Frequency -1958.9 .
8 Nucleus 13C li
9 Acquired Size 32768
10 Spectral Size 32768 |
|
I
|
|
|
| | |
|
I Iy
|
[
|
AR AR A g M s :Wn-MJL- Wi gl mtpreimsiviima er R R AR R .f....Lva::‘f,._ %Wm%m
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 T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



S T oo 0] ~ GO n o oo o . 0
O 0 — O ()} O O I~ — O < O [qV] n ©~
N © M A o MY ~ S ®mn < @©
[ e N LN n N N <ttt on o - -
NN I~ 72 (.
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 I Me OH
6 Spectral Width 8012.8 / —
7 Lowest Frequency —1545. 4
8 Nucleus 1M N
9 Acquired Size 32768 Ts
10 Spectral Size 65536 lj
|
|
|
l b I
l J\JJ
) N
T T T T < 7 M ff P
O < N~ ()] O o < [QV] — on
- < < < o C Qo AN - ™M
(V] (q\} — — — (N on M M
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 T T T T T T T T T T
110 105 100 95 90 85 80 75 70 65 60 5 50 45 40 35 30 5 20 15 10 05 00



f1 (ppm)

OO N VL mOo

N 0O M O N~ WO — O N~ O O O un O

Mmal oA oo~ N AN <A o wn

<t <t o on AN NN~ O ) O N - v <t

— — — — — — N~~~ n AN AN —

NV SNSNNA ~— N A |

Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 200
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 l Me
7 Lowest Frequency -1958.9 / —
8 Nucleus 13C
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
1j
|
|
|
1
I
| |
| ]
| |
|
|
# i & e me = et nsa 1 i S et
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
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10



~N O O on 0 ™M I~
©8 4 S IIA
NN~ N~ N LN 0 N
NN | ~—
Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 298. 3

4 Number of Scans 16 |

5 Spectrometer Frequency 400. 25 Me OH

6 Spectral Width 8196. 7 Et / —_—

7 Lowest Frequency -1647. 4

8 Nucleus 1H N

9 Acquired Size 32768 Ts

10 Spectral Size 65536 1k
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.9
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012.8
7 Lowest Frequency -1545.0 I Me OH
8 Nucleus 1H / J—
9 Acquired Size 32768
10 Spectral Size 65536 N
Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 4 |
4 Number of Scans 220 Me OH
5 Spectrometer Frequency 100. 61 / bt
6 Spectral Width 24038. 5
7 Lowest Frequency -1958.9 N
8 Nucleus 13C Ts
9 Acquired Size 32768 11
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 4
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1667. 4 |
8 Nucleus 11 Ph Me OH
9 Acquired Size 32768 / —
10 Spectral Size 65536
N
Ts '
Im
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Parameter Value |
1 Origin Bruker BioSpin GmbH Ph / Me OH
2 Solvent CDC13
3 Temperature 295. 2
4 Number of Scans 300 N
5 Spectrometer Frequency 100. 64 Ts
6 Spectral Width 23809. 5 Im
7 Lowest Frequency -1840. 5 |
8 Nucleus 13C
9 Acquired Size 32768
10 Spectral Size 32768 |
|
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Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 294.7

4 Number of Scans 16

5 Spectrometer Frequency 400. 25 I Me OH

6 Spectral Width 8196. 7 / _

7 Lowest Frequency -1636. 3

8 Nucleus 1H N

9 Acquired Size 32768 Ts

10 Spectral Size 65536 1n
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 4 I Me OH
4 Number of Scans 200 7 _
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 N
7 Lowest Frequency -1840. 5 Ts
8 Nucleus 13C
. . In
9 Acquired Size 32768
10 Spectral Size 32768 L
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Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 0.0

4 Number of Scans 250 \

5 Spectrometer Frequency 100. 61 l Me OH

6 Spectral Width 24038. 5 / —

7 Lowest [Frequency -1958.9

8 Nucleus 13C N

9 Acquired Size 32768 Ts

10 Spectral Size 32768 1o
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 7 "Pr
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7 | OH
7 Lowest Frequency -1667.5 / —_—
8 Nucleus 1H
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts
Ip
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 3
4 Number of Scans 200
5 Spectrometer Frequency 100. 64 "Pr
6 Spectral Width 23809. 5
7 Lowest [Frequency -1840. 5
8 Nucleus 13C I OH
9 Acquired Size 32768 / —
10 Spectral Size 32768
N |
Ts
Ip
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3T t 294. 8
emperature C2 F5
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 |
6 Spectral Width 8196. 7 / . OH
7 Lowest Frequency -1666. 1 Ph
8 Nucleus 11 N
9 Acquired Size 32768 Ts
10 Spectral Size 65536
Iq
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 4 CsF5
4 Number of Scans 250
5 Spectrometer Frequency 100. 64 I OH
6 Spectral Width 23809. 5 Bh 7 _
7 Lowest Frequency -1840. 5 |
8 Nucleus 13C N
9 Acquired Size 32768 Ts
10 Spectral Size 32768 L lq
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f1 (ppm)



-85.36

-118.82

Parameter Value

1 Origin Bruker BioSpin Gmbll

2 Solvent CDC13

3 Temperature 294. 8

4 Number of Scans 16 C2F5

5 Spectrometer Frequency 376. 61

6 Spectral Width 90909. 1 I OH

7 Lowest Frequency —-83115.7 Ph / —

8 Nucleus 19F

9 Acquired Size 65536 N

10 Spectral Size 65536 Ts

. Iq
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 294. 7
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1626. 3 |
OH
8 Nucleus 1H / .
9 Acquired Size 32768 Ph
10 Spectral Size 65536 N
Ts
Ir
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 4
4 Number of Scans 104 |
5 Spectrometer Frequency 100. 64 / OH
6 Spectral Width 23809. 5 Ph
7 Lowest [Frequency -1840. 5 N
8 Nucleus 13C Ts
9 Acquired Size 32768
10 Spectral Size 32768 Ir
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 |
6 Spectral Width 8012. 8 Et OH
7 Lowest Frequency —-1535. 4 Ph / —
8 Nucleus 11
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts
1s
|
|
|
|
'| | |
Il I
i
|
18 J iy iU
T T T T T 7 ik il T T
N~ N o LN [N} Al A A — O [N}
< < < < < = < - o o.
A M~ — - (V] A A on ANl — on
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 T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 0O 45 40 35 30 25 20 15 10 05 00



f1 (ppm)

O T — OO — OO NN «— <

MN—M®ON~NMMLIN AN O 1N O 0w © O wn oo o

O ™M oW O 0NN IS @ T O~ S om n-— o

<ttt mon on AN AN AN AN N AN Al N~NNMNO o <t m - on

— T T T — — — — — O M~ M~ I~ N wn wn Al AN ~—

———=a T\ N~ VNS N |

Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250 |
5 Spectrometer Frequency 100. 61 Et OH
6 Spectral Width 24038. 5 Ph / —
7 Lowest [Frequency -1958.9
8 Nucleus 13C N
9 Acquired Size 32768 Ts
10 Spectral Size 32768 1s
f
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Parameter Value
1 Origin Bruker BioSpin Gmbll |
2 Solvent €DC13 / Bn OH
3 Temperature 0.0 Ph —
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 N
6 Spectral Width 8012. 8 Ts |
7 Lowest Frequency -1535. 4 1t
8 Nucleus 1H
9 Acquired Size 32768
10 Spectral Size 65536
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 0.0 ' / Bn_ OH
4 Number of Scans 200 Ph
5 Spectrometer Frequency 100. 61 N
6 Spectral Width 24038. 5 Ts
7 Lowest [Frequency -1958.9 1t
8 Nucleus 13C N
9 Acquired Size 32768 :
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 1
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 |
6 Spectral Width 8012. 8 / Ph OH
7 Lowest Frequency -1535. 4 Ph —
8 Nucleus 1H
9 Acquired Size 32768 II\J
10 Spectral Size 65536 N
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 296. 1
4 Number of Scans 250 |
5 Spectrometer Frequency 100. 61 / Ph OH
6 Spectral Width 24038. 5 Ph —
7 Lowest Frequency -1958.9 N
8 Nucle?us ’ 13C Ts
9 Acquired Size 32768
10 Spectral Size 32768 lu
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 |
6 Spectral Width 8012. 8 / OH
7 Lowest Frequency -1535.4 Ph —
8 Nucleus 1H
9 Acquired Size 32768 1'\_1
10 Spectral Size 65536 S
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 5
4 Number of Scans 220
5 Spectrometer Frequency 100. 61 |
6 Spectral Width 24038. 5 OH
7 Lowest [Frequency -1958.9 Ph / —
8 Nucleus 13C
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
lv
[
i
! I
I | U}
| |
|
' [
| s,h
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 T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10

f1 (ppm)



1860
000 P/
6LO'L—
02 L —=
%5t
290¢
0L0°¢
680°¢
€60'¢
clLe
Qcl'¢
€ev'e

7€9'€
S/9°¢
LSL'€
VAR
S9/L°¢
69.°¢

L9S'v
LLSY
28sv
€6sY
865V

mwm.mv
€859
8509
¢L09
94929
0929
929
S.29
6429

092°L
oomsM
oze'L/
819/~
669 L7

XL
- W
L N -
— Z-
(
=
=
=}
[&5)
=]
o
(R e
5 W2
—~ 0O
<
- m
[N
& o o~ .
v M © N . © ® ©
o . O ™ © ™
[ERRSRECY S & © >~ O
4 0O o OO 4 —H =D AN I
Mm O N —~ < 0o | —H ™ ©
>
9
=]
o)
3
g -
5 I o
g S = = g
P < S O v o
z O 4 T 3 NN
5 v N vV o T R
& = = 0 v n
< 5 Y9 QO ~
& 2 °o E — = = —
£ © o ®© n o0
[ T~ = T T == S B
= O O D L P B D e P
W > 2.9 0 9 O~ 3O
— = 5 8 0 0 B O T O
4 O O D o o O D O o
S V= Z N A Z W
o
— N M 0 O~ 0 O

Feee
=80'€

=917l

FeLe

=¢l'e

vee
907¢

801

=001

=101
=001

=0L¢

=/07¢

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0



MmN OO Mo I~ - S anr AN — W0 © n A
ool SRR 3 i i NN
N~~~ /~/ N | W4 N\
Parameter Value

1 Origin Bruker BioSpin GmbH |

2 Solvent CDC13 Et OH

3 Temperature 295.3 / —

4 Number of Scans 250

5 Spectrometer Frequency 100. 64 N

6 Spectral Width 23809. 5 o Ts

7 Lowest Frequency -1840. 5 1w

8 Nucleus 13C

9 Acquired Size 32768

10 Spectral Size 32768 N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012. 8 | OH
7 Lowest Frequency —-1545. 2 / —
8 Nucleus 11 O
9 Acquired Size 32768 ’\O N
10 Spectral Size 65536 Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250 | OH
5 Spectrometer Frequency 100. 61 _
6 Spectral Width 24038. 5 @)
7 Lowest [Frequency -1958.9 k N
8 Nucleus 13C (@) Ts
9 Acquired Size 32768 1X
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 6
4 Number of Scans 250
5 Spectrometer Frequency 100. 64 I OH
6 Spectral Width 23809. 5 / —
7 Lowest Frequency -1840. 5 |
8 Nucleus 13C N
9 Acquired Size 32768 Ts
10 Spectral Size 32768 ly
|
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Parameter Value

1 Origin Bruker BioSpin Gmbll

2 Solvent CDC13

3 Temperature 295.7

4 Number of Scans 16

5 Spectrometer Frequency 400. 13

6 Spectral Width 8012. 8

7 Lowest Frequency -1535. 4

8 Nucleus 1H

9 Acquired Size 32768

10 Spectral Size 65536

:

2.05-4
1212=

10.0 9.5 9.0 8.5 8.0 7.5

3.001
3.021
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 296. 1 |
4 Number of Scans 220 | OH
5 Spectrometer Frequency 100. 61 —
6 Spectral Width 24038. 5
7 Lowest [Frequency -1958.9 N
8 Nucleus 13C Ts
9 Acquired Size 32768 1z
10 Spectral Size 32768
' |
|
| |
b (T
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| |
S L -
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f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 | OH
3 Temperature 0.0 —
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 N
6 Spectral Width 8012. 8 Ts
7 Lowest Frequency -1545. 4 laa
8 Nucleus 11
9 Acquired Size 32768
10 Spectral Size 65536

~N-3.737

2.407
—1.719
—1.566

\3.967

4130
\4.114

—
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.
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250 OH
5 Spectrometer Frequency 100. 61 |
6 Spectral Width 24038. 5 =
7 Lowest Frequency -1958.9 I
8 Nucleus 13C _l?_l
9 Acquired Size 32768 ! S
10 Spectral Size 32768 laa
I
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 293. 2
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 OH
6 Spectral Width 8196. 7
7 Lowest Frequency -1665. 7
8 Nucleus 1 | Y
9 Acquired Size 32768 /
10 Spectral Size 65536 Ph
N
| Ts
lab
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| |
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o T T T T = =
LN (V] o o A O o 0O M N
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 293.9 OH
4 Number of Scans 100
5 Spectrometer Frequency 100. 64 | /
6 Spectral Width 23809. 5 | /
7 Lowest Frequency -1840. 5 ! | Ph
8 Nucleus 13C |
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293. 3
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 4
8 Nucleus 1 I
9 Acquired Size 32768 /
10 Spectral Size 65536
N
Ts
lac

2.06

_
—
o | 1.00 S
1.00- —==—-

4096
N4.079
3928
3.149
3.129
3.123
3.108
2.422
2.198
2.178
N\-2.158
1.903
1.900
1,622
1576
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293.9
4 Number of Scans 79
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 OH
7 Lowest [Frequency -1840. 5 |
8 Nucleus 13C ! | \/
9 Acquired Size 32768 i
10 Spectral Size 32768 /
N
Ts
lac
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f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 292.9
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 OH
6 Spectral Width 8196. 7
7 Lowest Frequency -1648. 4 |
8 Nucleus il | \/
9 Acquired Size 32768 /
10 Spectral Size 65536
N
Ts
lad
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293. 6
4 Number of Scans 150
5 Spectrometer Frequency 100. 64 OH
6 Spectral Width 23809. 5
7 Lowest Frequency -1840. 5 | | /
8 Nucleus 13C |
9 Acquired Size 32768 /
10 Spectral Size 32768
N
Ts
lad
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3.895
\3.879
3,668

2431

~1.478
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Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13 '

3 Temperature 295.9

4 Number of Scans 16 |

5 Spectrometer Frequency 400. 13 Me OH

6 Spectral Width 8012. 8 )J

7 Lowest [Frequency -1545.0

8 Nucleus 1H II\JS

9 Acquired Size 32768 1

10 Spectral Size 65536 .
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 5
4 Number of Scans 220 |
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038.5 | OH
7 Lowest Frequency -1958.9 Me _
8 Nucleus 13C
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
lae
|I|
| | |
' |
| ! I
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| |
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f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012. 8
7 Lowest [Frequency -1545.0 |
8 Nucleus 1H Me Me OH |
9 Acquired Size 32768
10 Spectral Size 65536 N
Ts
laf
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|
| |
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 150
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 I |
7 Lowest Frequency -1958.9 Me Me OH
8 Nucleus 13C —
9 Acquired Size 32768
10 Spectral Size 32768 N
Ts
laf
|
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J . l L, ! 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 T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012. 8 |
7 Lowest Frequency -1535.4 Cl Me OH
8 Nucleus 1 et
9 Acquired Size 32768 '
10 Spectral Size 65536 N
Ts
lag
|
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0 h
4 Number of Scans 150
5 Spectrometer Frequency 100.61
6 Spectral Width 24038. 5
7 Lowest Frequency -1958. 9 |
8 Nucleus 13C Cl Me OH
9 Acquired Size 32768
10 Spectral Size 32768 N
Ts
lag
| |
|
|
I |
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| i
L . L [} 1
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f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 294. 3
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7 | Me OH
7 Lowest Frequency -1657. 2 —
8 Nucleus 1H
9 Acquired Size 32768 O
10 Spectral Size 65536 (E) 1
-1ah
' |
| |
| I
E e 1 P s T
S a9aQ S S99 Q o
— — — — -~ AN AN AN -~ o™
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 3
4 Number of Scans 300
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 |
7 Lowest [Frequency -1840. 5 Me _ OH
8 Nucleus 13C
9 Acquired Size 32768 0
10 Spectral Size 32768
(E)-1ah
|
| | |
I I
|
|
|
|
Ml
| | ﬂ 1 I 1l
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 T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



nonwmm NS NOMNMNMON NWWOUTOON <IN MN WO —
SI8S SSARNSLLLEE33E UL a]
NINNN O NNNNNOsAiunununnmnnn S S
e e T
Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 294.5

4 Number of Scans 16

5 Spectrometer Frequency 400. 25

6 Spectral Width 8196. 7 I

7 Lowest Frequency -1636. 7 Me

8 Nucleus 1H h

9 Acquired Size 32768 0 OH

10 Spectral Size 65536

(£)-1ah |

_

/2,000

1.854
1.851

i) s v T
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
7 Lowest Frequency -1958.9
Me
8 Nucleus 13C
9 Acquired Size 32768 h
10 Spectral Size 32768 o OH
(Z)-1ah
| |
|
I ' i I
! |
| |
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- w ok I.l . e L l l _k o L L N
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f1 (ppm)
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Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 294. 5 I
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 |
6 Spectral Width 8196. 7 Me
7 Lowest Frequency -1665. 3 Ph /
8 Nucleus 1H
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts

1ai

5156
5139
5122

%3.479
2346
2148

% |
\

—4.332
3.511
3.495
2.114
2.098
1.901
1.150

\
L

17.294

~ 12013

10.0 9.5 9.0 8.5 8.0

3.071
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 295. 1 |
4 Number of Scans 200 |
5 Spectrometer Frequency 100. 64 OH
6 Spectral Width 23809. 5 |
Me
7 Lowest Frequency -1840. 5 / _
8 Nucleus 13C Ph
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
lai
|
| ! |
|l
|
|
| I
I |
| |
|
" N . —-— AL, ” 1 - " l 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 T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)



O~ OO O o O ANl O M O N O~ O O ANOO AN O — 0 < —
AN~ O O O ©O O 00 0 W O ANl O O O ANl O INM—O00MN O
© Y mm A N0 MANAN ® O TN ANNN®©® RN
NN~~~ N WL LwnLwn MmN onm NN~ — — —
NN V= N s\ e
Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 293.5
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 2
4 Number of Scans 250 OH
5 Spectrometer Frequency 100. 64 | M
6 Spectral Width 23809. 5 e_
7 Lowest Frequency -1840. 5
8 Nucleus 13C N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 | OH
6 Spectral Width 8012.8 \ Me
7 Lowest Frequency -1545.0 / —_—
8 Nucleus 1H
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0 OH
4 Number of Scans 150 \ Ve
5 Spectrometer Frequency 100. 61 / N
6 Spectral Width 24038. 5
7 Lowest [Frequency -1958.9 N
8 Nucleus 13C Ts
9 Acquired Size 32768 lak
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 4
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7 OH
7 Lowest Frequency -1636. 1 | M
8 Nucleus 11 e_
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 2
4 Number of Scans 200
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 | OH
7 Lowest Frequency -1840.5 Me
8 Nucleus 13C —_—
9 Acquired Size 32768
10 Spectral Size 32768 N
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012. 8 Me
7 Lowest Frequency -1535. 4 = /O
8 Nucleus 1H | |
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
Me
7 Lowest Frequency -1958.9 | /O
8 Nucleus 13C =
9 Acquired Size 32768 |
10 Spectral Size 32768 Al N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.5
4 Number of Scans 250
5 Spectrometer Frequency 100. 64
tral Wi MeO
6 Spectral Width 23809. 5
7 Lowest [Frequency -1840. 5 Me
e
8 Nucleus 13C =
9 Acquired Size 32768
10 Spectral Size 32768 N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012.8
7 Lowest Frequency —1545. 3 Me |
8 Nucleus 11 Me
9 Acquired Size 32768 . 20 Ol
10 Spectral Size 65536
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Parameter Value

1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0 I
4 Number of Scans 250 p
5 Spectrometer Frequency 100. 61 Me
6 Spectral Width 24038. 5
7 Lowest [Frequency -1958.9 Me /O

7
8 Nucleus 13C
9 Acquired Size 32768
10 Spectral Size 32768 N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 3
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 ;
6 Spectral Width 8196. 7 Bu
7 Lowest Frequency -1636. 5 Me
8 Nucleus 11 7 e
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10 Spectral Size 65536 N
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 298.7
4 Number of Scans 250
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 ¢
7 Lowest [Frequency —-1840. 5 Bu |
8 Nucleus 13C Me o I
9 Acquired Size 32768 7 =
10 Spectral Size 32768
N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 297.7 'I
4 Number of Scans 512 !
5 Spectrometer Frequency 100. 61 E
6 Spectral Width 24038. 5
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Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 297. 7
4 Number of Scans 16
5 Spectrometer Frequency 376. 50 I
6 Spectral Width 89285. 7
7 Lowest Frequency -82292.5
8 Nucleus 19F
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 5
4 Number of Scans 250
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 OMe ll'
7 Lowest Frequency —-1840. 5
8 Nucleus 13C
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16 Me
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012.8
7 Lowest Frequency —1545. 8 Me /O
8 Nucleus 1H =
9 Acquired Size 32768
10 Spectral Size 65536 N
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Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 2500
5 Spectrometer Frequency 100. 61 Me
6 Spectral Width 24038. 5
7 Lowest Frequency -1958.9
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 2
4 Number of Scans 250
5 Spectrometer Frequency 100. 64 Me
6 Spectral Width 23809. 5
7 Lowest Frequency -1840. 5 Me @)
2
8 Nucleus 13C =
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10 Spectral Size 32768 N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012.8 Me
7 Lowest Frequency —1545. 4
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 0.0 |
4 Number of Scans 250 Me '
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
Me
7 Lowest Frequency -1958. 9 Pz e
8 Nucleus 13C Me
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 6
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 3
8 Nucleus 1
9 Acquired Size 32768
10 Spectral Size 65536
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 3
4 Number of Scans 250
5 Spectrometer Frequency 100. 64 Me Me
6 Spectral Width 23809. 5 -
7 Lowest Frequency -1840. 5
8 Nucleus 13C N
9 Acquired Size 32768 Ts
10 Spectral Size 32768 2j
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 6
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 4 Me
8 Nucleus 1H Et % /O
9 Acquired Size 32768 \(j/\/
10 Spectral Size 65536 N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.1 Me
4 Number of Scans 512 Et = /O
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 N
7 Lowest Frequency -1840. 5 Ts
8 Nucleus 13C 2K
9 Acquired Size 32768
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 298. 2
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest [Frequency -1636. 4
8 Nucle?us ’ 1H Me
9 Acquired Size 32768 % /O
10 Spectral Size 65536
N
Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 7
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7 Me
7 Lowest Frequency -1636. 6 Ph O
8 Nucleus 1H =
9 Acquired Size 32768 N
10 Spectral Size 65536
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Parameter Value

1 Origin Bruker BioSpin Gmbll

2 Solvent CDC13

3 Temperature 295. 3

4 Number of Scans 250

5 Spectrometer Frequency 100. 64

6 Spectral Width 23809. 5 M

7 Lowest Frequency -1840.5 Ph € /Q

8 Nucleus 13C = b

9 Acquired Size 32768 N

10 Spectral Size 32768 Ts
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
6 Spectral Width 8012. 8 Me 0
o
7 Lowest [Frequency -1545. 6 Zd
8 Nucleus 1H |
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 350
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
7 Lowest [Frequency -1958.9
8 Nucleus 13C
9 Acquired Size 32768 Me 0
10 Spectral Size 32768 Pz % '
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296.9
4 Number of Scans 1024
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 Me
7 Lowest Frequency -1958.9 = 72 /O
8 Nucleus 13C
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 3
4 Number of Scans 1024
5 Spectrometer Frequency 100. 64 n
6 Spectral Width 23809. 5 Me Pr
7 Lowest Frequency —-1840. 5
8 Nucleus 13C
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
7 Lowest Frequency -1958.9 Ph = /O |"
8 Nucleus 13C
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1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 294.9
4 Number of Scans 16
5 Spectrometer Frequency 376. 61
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1 Origin Bruker BioSpin GmbH |
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3 Temperature 295. 2
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Parameter Value
1 Origin Bruker BioSpin Gmbl
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 1024
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 7
4 Number of Scans 250
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 Bn
. _ Ph O
7 Lowest Frequency 1958. 9 =
8 Nucleus 13C
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 8
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest [Frequency -1636. 3
8 Nucleus 11
9 Acquired Size 32768 Ph Ph @)
. = =
10 Spectral Size 65536
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 3
4 Number of Scans 1024
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5
7 Lowest Frequency -1840. 5 Ph Ph O
2
8 Nucleus 13C =
9 Acquired Size 32768
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 297.5
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 Ph 0O
6 Spectral Width 8196. 7 = &
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8 Nucleus 1H N
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 299. 2
4 Number of Scans 1024
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5
7 Lowest Frequency -1840. 5 Ph 0
8 Nucleus 13C - Z
9 Acquired Size 32768
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Value
Bruker BioSpin GmbH

CDC13
296. 2
16

Parameter
5 Spectrometer Frequency 400. 13

1 Origin
2 Solvent

3 Temperature

4 Number of Scans

8012. 8

6 Spectral Width

7 Lowest
8 Nucleus

-1570. 3
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 296. 0
4 Number of Scans 1024
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5
7 Lowest [Frequency -1958.9
8 Nucleus 13C Et
9 Acquired Size 32768 = O
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294.5
4 Number of Scans 16 0O
5 Spectrometer Frequency 400. 25 < Me
6 Spectral Width 8196. 7
pectral Wi 0 =
7 Lowest [Frequency -1636. 5
8 Nucleus 1H
9 Acquired Size 32768 ¥S
10 Spectral Size 65536
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.5 o
4 Number of Scans 250
5 Spectrometer Frequency 100. 64 < Me
6 Spectral Width 23809. 5 O =
7 Lowest [Frequency -1840. 5 |
8 Nucleus 13C N i
9 Acquired Size 32768 Ts
10 Spectral Size 32768 2x
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294.9
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest [Frequency -1636. 5 Me
. < |
8 Nucleus 1H = O
9 Acquired Size 32768
10 Spectral Size 65536 N
Ts |
2y

2.01=
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.7 |
4 Number of Scans 512
5 Spectrometer Frequency 100. 64 Me o
6 Spectral Width 23809. 5 =
7 Lowest Frequency -1840. 5
8 Nucleus 13C N
9 Acquired Size 32768 Ts
10 Spectral Size 32768 2y
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 3
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 5
8 Nucleus 1 0
9 Acquired Size 32768
10 Spectral Size 65536
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Parameter Value

1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294.9 0
4 Number of Scans 2000
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 N
7 Lowest Frequency -1840. 5 Ts
8 Nucleus 13C 2z
9 Acquired Size 32768
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 2
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 /O
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 5
N I
8 Nucleus 1 Ts
9 Acquired Size 32768 )
10 Spectral Size 65536 aa
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295.0
4 Number of Scans 400
5 Spectrometer Frequency 100. 64 /O
6 Spectral Width 23809. 5
7 Lowest Frequency -1840. 5 N |
S ~ |
8 Nucleus 13C Ts I
9 Acquired Size 32768
ciral Si 2aa
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293.8 /O
4 Number of Scans 1024 Ph /
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5
7 Lowest Frequency —-1840. 5 _’I\_IS
8 Nucleus 13C
9 Acquired Size 32768 2ab
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 293.3
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 3 O
8 Nucleus 11 /
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293.7 /O
4 Number of Scans 1024 /
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5
7 Lowest Frequency -1840. 5 I|\-IS
8 Nucleus 13C
9 Acquired Size 32768 2ac
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293.5
4 Number of Scans 16 ,/O
5 Spectrometer Frequency 400. 25 /
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 7 N |
8 Nucleus 1 Ts
9 Acquired Size 32768
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 294. 3
4 Number of Scans 350
5 Spectrometer Frequency 100. 64 /O
6 Spectral Width 23809. 5 /
7 Lowest [Frequency -1840. 5
8 Nucleus 13C N
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 I
3 Temperature 0.0 |
4 Number of Scans 300
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 Me -
7 Lowest Frequency -1958. 9 /@
8 Nucleus 13C
9 Acquired Size 32768 N
10 Spectral Size 32768 Ts
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Parameter Value |

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 0.0

4 Number of Scans 16

5 Spectrometer Frequency 400. 13 Me 0

6 Spectral Width 8012.8 2

7 Lowest [Frequency -1544.9

8 Nucleus 11 N

9 Acquired Size 32768 Ts

10 Spectral Size 65536 2ae
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0 Me
4 Number of Scans 300
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 N
7 Lowest [Frequency -1958.9 ! Ts
8 Nucleus 13C !
. . 2ae
9 Acquired Size 32768
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 0.0
4 Number of Scans 16
5 Spectrometer Frequency 400. 13 Cl |
6 Spectral Width 8012. 8
Me .
7 Lowest Frequency -1545. 2 /,{«;;,C!
8 Nucleus 1H
9 Acquired Size 32768 N
10 Spectral Size 65536
P Ts
2ag
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Parameter Value
1 Origin Bruker BioSpin Gmbll Cl
2 Solvent CDC13 Me -
3 Temperature 0.0 O
4 Number of Scans 1024
5 Spectrometer Frequency 100. 61
6 Spectral Width 24038. 5 -INS
7 Lowest Frequency -1958.9
8 Nucleus 13¢ 2ag
9 Acquired Size 32768
10 Spectral Size 32768
| |
|
|
e o SO e S R = R R D e T i - o ‘ s e " -
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 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

f1 (ppm)



98C'L—

2552
1YS'Z
6952
8157
997
0v9'Z
€197
897
EVSEN
115€~
178 E~
os8c/

90Lv
mv\..ﬁw
8LV

2L6'9
7169
LE69
€€69
0L,
OLL'L
T4 WA
8¢l'L
1344
YA QWi
volL’L
991l'L
891l
88l°L
c0c’'L
0L
692,
8LCL

¥Zs6
0€S'6
¥€S6
6€96

[}
=
~Q
=]
[}
=
o
[N e
5 W2
— O
< e
= m
N
~ 0 o~ .
L o o (o I ) 0 ©
e . O O O ™M
S50 oS O © o~ 0
4 A o0 OO~ — IO AW
Mm O N ~H < 0o | —H MmO
>
Q
o
(9}
=]
g
bt 2R %)
Pt o - o o
@ < =R SR
= S &5 T 3 NN
3 v »vn O —H T e
o ~ + = 0 v wn
< 5 4~ Q ~
S . E°EES 4 E
(== T e e = = T
= O O D ¥ ¥ nn O H P
o > Qa0 0O O 0~ 3 O
—_ = 5 B 0 0 B O T QO
4 O 0O 35 Q Q O B O o
S v = Z v A < W»
[}
— N M <10 O - 0 O —

2ah

IV

=gl'€

+80°L
K901

=80°L
=80°L

=0c¢e

me.o

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

5.5
f1 (ppm)

6.0

105 100 95 9.0 8.5 8.0 7.5 7.0 6.5

11.0



- O nNnNmMm—AN AN
- < NSO < 0 WO < 0 (02} on o
Al o MmN Ol Mmoo oo ™~ < oM
o M onNn NN AN AN NN~ O S < O <
o - — — — MNMNDNMNDNMNO n on [V}
N ST/ ~N— I | |
Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 3
4 Number of Scans 512 Me
5 Spectrometer Frequency 100. 64 /O
6 Spectral Width 23809. 5
7 Lowest [Frequency -1840. 5 0
8 Nucleus 13C
9 Acquired Size 32768 2ah
10 Spectral Size 32768 III
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 0.0
4 Number of Scans 250
5 Spectrometer Frequency 100. 61 Me
6 Spectral Width 24038. 5 Pha - X0
7 Lowest Frequency -1958.9
8 Nucleus 13C N
9 Acquired Size 32768 Ts
10 Spectral Size 32768 .
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 293.6
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196.7 Me
7 Lowest Frequency -1636. 7 = \O
8 Nucleus 11
9 Acquired Size 32768 N
10 Spectral Size 65536 Ts
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Parameter Value

1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 1 Me
4 Number of Scans 1024

= ~0
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 N
7 Lowest Frequency -1840. 5 Ts
8 Nucleus 13C 2 ai
9 Acquired Size 32768 a']
10 Spectral Size 32768
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Value
Bruker BioSpin GmbH

CDC13
293.7
16

Parameter
5 Spectrometer Frequency 400. 25

1 Origin
2 Solvent

3 Temperature

4 Number of Scans

8196. 7

6 Spectral Width

-1636. 3
10

7 Lowest Frequency

8 Nucleus

32768

9 Acquired Size

65536

10 Spectral Size
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 3
4 Number of Scans 2000
5 Spectrometer Frequency 100. 64 Me
6 Spectral Width 23809. 5
~
7 Lowest Frequency —-1840. 5 = = @)
8 Nucleus 13C
9 Acquired Size 32768 II\-IS
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 4
4 Number of Scans 300
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5
7 Lowest [Frequency -1840. 5 Me
8 Nucleus 13C X
9 Acquired Size 32768 O
10 Spectral Size 32768 N
Ts f
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 294. 4
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 4 Ph Me X
8 Nucleus 1H = OH
9 Acquired Size 32768
10 Spectral Size 65536 N
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Parameter Value
1 Origin Bruker BioSpin GmbH
e
emperature .
4 Number of Scans 300 . OH
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 .II\_IS
7 Lowest Frequency -1840. 5 ||l
8 Nucleus 13C 23'
9 Acquired Size 32768
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin Gmbll
2 Solvent CDC13
3 Temperature 294. 3
4 Number of Scans 16
5 Spectrometer Frequency 400. 25
6 Spectral Width 8196. 7
7 Lowest Frequency -1636. 4
8 Nucleus 10 Me
9 Acquired Size 32768 Ph_~
10 Spectral Size 65536
N
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Parameter Value

1 Origin Bruker BioSpin GmbH

2 Solvent CDC13

3 Temperature 295. 2

4 Number of Scans 250

5 Spectrometer Frequency 100. 64 Me

6 Spectral Width 23809. 5 Ph =

7 Lowest Frequency -1826. 8

8 Nucleus 13C

9 Acquired Size 32768 'I?'ls

10 Spectral Size 32768 3
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 294. 6
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 Me
6 Spectral Width 8196. 7 Ph = Z
7 Lowest Frequency -1665. 1
8 Nucleus 1H N
9 Acquired Size 32768 Ts
10 Spectral Size 65536 4
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 295. 2
4 Number of Scans 250
5 Spectrometer Frequency 100. 64 M
6 Spectral Width 23809. 5 Ph e P
7 Lowest Frequency -1840. 5 =
8 Nucleus 13C
9 Acquired Size 32768 1l\_l
10 Spectral Size 32768 S
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 292.7
4 Number of Scans 16
5 Spectrometer Frequency 400. 25 |
6 Spectral Width 8196. 7 Ph / Me OH
7 Lowest Frequency -1674.9 —
8 Nucleus 1H
9 Acquired Size 32768 (@)
10 Spectral Size 65536 .
1ah
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 293.5 Ph / Me OH
4 Number of Scans 250 —
5 Spectrometer Frequency 100. 64
6 Spectral Width 23809. 5 O
7 Lowest Frequency -1840. 5 I
8 Nucleus 13C 1ah'
9 Acquired Size 32768
10 Spectral Size 32768
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13
3 Temperature 345. 3
4 Number of Scans 16
5 Spectrometer Frequency 400. 13
4 Me
6 Spectral Width 8012. 8 Ph 0
7 Lowest Frequency -1535. 4 =
8 Nucleus 1H
9 Acquired Size 32768 )
10 Spectral Size 65536 p
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Parameter Value
1 Origin Bruker BioSpin GmbH
2 Solvent CDC13 |
3 Temperature 344. 4
4 Number of Scans 250 Ph Me O
77
5 Spectrometer Frequency 100. 61 =
6 Spectral Width 24038. 5
7 Lowest Frequency -1958.9 O
8 Nucleus 13C
9 Acquired Size 32768 2ah'
10 Spectral Size 32768
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