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General Information
All reactions were performed in flame-dried glassware with magnetic stirring bar and sealed with a 

rubber septum. The solvents were distilled by standard methods. Reagents were obtained from 

commercial suppliers and used without further purification unlessotherwise noted. Silica gel column 

chromatography was carried out using silica Gel 60 (230–400 mesh). Analytical thin layer 

chromatography (TLC) was done using silica Gel (silica gel 60 F254). TLC plates were analyzed by an 

exposure to ultraviolet (UV) light. NMR experiments were measured on a Bruker AVANCE III-400 or 

500 spectrometer and carried out indeuterochloroform (CDCl3) 1H NMR and 13C NMR spectra were 

recorded at 400 MHz or 500 MHz and 100 MHz or 125 MHz spectrometers respectively. 19F NMR 

spectra were recorded at 376 MHz or 470 MHz spectrometers. Chemical shifts are reported as δ 

valuesrelative to chloroform (δ 7.26 for 1H NMR), chloroform (δ 77.16 for 13C NMR). The following 

abbreviations are used for the multiplicities: s: singlet, d: doublet, dd: doublet of doublet, t: triplet, q: 

quadruplet, m: multiplet, br: broad signal for proton spectra; Coupling constants (J) are reported in Hertz 

(Hz). Infrared spectra were obtained on agilent Cary630. HRMS were recorded on a Bruker microTOF-

Q111. GC-MS spectra were performed on Shimadzu QP2010 (EI Source). The EPR experiments are 

conducted on a Bruker ESR5000 electron paramagnetic resonance spectrometer. Unless otherwise noted, 

all reagents were weighed and handled in air, and all reactions were underargon.    
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Optimizations of the Reaction Conditions
Table S1. Optimization of electrode

aReaction conditions: 1 (0.3 mmol), 2 (1.2 mmol), TBAI (0.3 M), DMA (3 mL), r.t., Ar, 30 min.bDetermined by GC using Dodecane as
internal standard.

Entry

1
2
3
4
5

Fe
Zn
C
Al
Mg

69
57

n.d.
16
88

Yield [%]b

TBAI(0.3 M)
DMA

M(+)/Ni foam(-)
20 mA, 30 min, rt, Ar

M

1 2

B2Cat2
then pinacol, Et3N, 1 h

O

O

NTf2
+

O

O

Bpin

Table S2. Optimization of solvent

aReaction conditions: 1 (0.3 mmol), 2 (1.2 mmol), solvent (3 mL), r.t., Ar, 30 min.bDetermined by GC using Dodecane as internal
standard.

Entry

1
2
3
4

DMA
DMF

DMSO
MeCN

88
37

n.d.
n.d.

Yield [%]b

TBAI(0.3 M)
solvent

Mg(+)/Ni foam(-)
20 mA, 30 min, rt, Ar

solvent

1 2

B2Cat2
then pinacol, Et3N, 1 h

O

O

NTf2
+

O

O

Bpin

Table S3. Optimization of current and time

aReaction conditions: 1 (0.3 mmol), 2 (1.2 mmol), TBAI (0.3 M), DMA (3 mL), r.t., Ar, 30 min.bDetermined by GC using Dodecane as
internal standard.

Entry

1
2
3
4

30 mA
20 mA
10 mA
5 mA

65
88
50
43

Yield [%]b

TBAI(0.3 M)
DMA

Mg(+)/Ni foam(-)
rt, Ar

current

1 2

B2Cat2
then pinacol, Et3N, 1 h

O

O

NTf2
+

O

O

Bpin

time

20 min
30 min

1 h
2 h

Table S3. Optimization of electrolyte
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aReaction conditions: 1 (0.3 mmol), 2 (1.2 mmol), DMA (3 mL), r.t., Ar, 30 min.bDetermined by GC using Dodecane as internal
standard.

Entry

1
2
3
4

TBAI
TBAB
NaI

nBuNPF6

88
76
85

n.d.

Yield [%]b

electrolyte(0.3 M)
DMA

Mg(+)/Ni foam(-)
20 mA, 30 min rt, Ar

electrolyte

1 2

B2Cat2
then pinacol, Et3N, 1 h

O

O

NTf2
+

O

O

Bpin
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Experimental Procedure
General Procedure for the synthesis of the starting material (From primary alkyl amines)

R NH2 R NTf2
DCM, -20oC

OTf2,Et3N

An oven dried round-bottom flask equipped with a stir bar was charged with amine (5.0 mmol, 1.0 
equiv), CH2Cl2 (20 ml, 0.25M) and Et3N (2.1 mL, 15 mmol, 3.0 equiv). The flask was cooled to -20 °C, 
and trifluoromethanesulfonic anhydride (1.7 mL, 2.8 g, 5.0 mmol, 2.0 equiv) was added dropwise. The 
reaction was stirred vigorously at -20 °C for 1 h and allowed to gradually warm up to room temperature. 
The reaction was then quenched with 20 mL H2O. The reaction mixture was partitioned between H2O 
and CH2Cl2 and layers were separated. The aqueous layer was extracted with CH2Cl2 (20 ml × 3). The 
organic layers were combined, dried over Na2SO4, filtered, and concentrated under reduced pressure. 
The reaction mixture was applied directly to a flash silica column for purification.

General Procedure for the synthesis of the product 3-32

+ B2Cat2

O

O

BPin
O

O

NTf2 TBAI(0.3 M)
Mg(+)/Ni(-), 20 mA, 1 h,

DMA, r.t.
then Et3N, pinacol,1 h

TBAI (332 mg, 0.9 mmol), B2cat2 (477 mg, 2.0 mmol), alkyl bistriflimidate (0.5 mmol) and DMA (5 
ml) in a tube and place in a glove box. Magnesium plate (52.5 × 8 × 2 mm) was used as the anode, 
foamed nickel electrode (52.5 × 8 × 2 mm) was used as the cathode and then the reaction mixture was 
electrolyzed at a constant current of 20 mA. Afterwards, a solution of pinacol (2.0 mmol, 4.0 equiv., 236 
mg) in triethylamine (1.0 mL) was added to the electrolyzer cell and the reaction mixture kept stirring at 
room temperature for 1 h. The mixture was then quenched with ethyl acetate, dried onto silica gel, and 
purified by rapid column chromatography.

General Procedure for the synthesis of the product 33-36

NaI (0.3 M)
B2Cat2(4.0 equiv.)

NH2
NTf2

BPinDCM
OTf2 (3.0 equiv.) Mg(+)/Ni(-), 20 mA, 1 h,

DMA, 60 °C
then pinacol, 1 h

Et3N (2.0 equiv.)
-78 °C , 0.5 h

An oven dried tube flask equipped with a stir bar placed in a glove box was charged with amine (0.5 
mmol, 1.0 equiv), CH2Cl2 (1 ml, 0.5 M) and Et3N (0.28 mL, 1 mmol, 2.0 equiv). The flask was cooled 
to -78 °C, and trifluoromethanesulfonic anhydride (0.26 mL, 0.42 g, 1.5 mmol, 3.0 equiv) was added 
dropwise. The reaction was stirred vigorously at -78 °C for 0.5 h. Then NaI (135 mg, 0.9 mmol), B2cat2 
(477 mg, 2.0 mmol), and DMAc (3 ml) in the tube and place in a glove box. Magnesium plate (52.5 × 8 
× 2 mm) was used as the anode, foamed nickel electrode (52.5 × 8 × 2 mm) was used as the cathode and 
then the reaction mixture was electrolyzed at a constant current of 20 mA at 60 °C. Afterwards, a solution 
of pinacol (2.0 mmol, 4.0 equiv., 236 mg) in triethylamine (1.0 mL) was added to the electrolyzer cell 
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and the reaction mixture kept stirring at room temperature for 1 h. The mixture was then quenched with 
ethyl acetate, dried onto silica gel, and purified by rapid column chromatography.

General Procedure for the synthesis of the product 37-39,41-44

+
O

O

X
O

O

NTf2 TBAI(0.3 M)
Mg(+)/Ni(-), 20 mA, 2 h,

X
X

DMA, r.t.

TBAI (332 mg, 0.9 mmol), disulfides (0.5 mmol), alkyl bistriflimidate (0.2 mmol) and DMAc (3 ml) 
in a tube and place in a glove box. Magnesium plate (52.5 × 8 × 2 mm) was used as the anode, foamed 
nickel electrode (52.5 × 8 × 2 mm) was used as the cathode and then the reaction mixture was electrolyzed 
at a constant current of 20 mA. The mixture was then quenched with ethyl acetate, dried onto silica gel, 
and purified by rapid column chromatography.

General Procedure for the synthesis of the product 40

+
O

O

S
O

O

NTf2 TBAI(0.3 M)
Mg(+)/Ni(-), 20 mA, 2 h,

S
S

O O O O

DMA, r.t.

TBAI (332 mg, 0.9 mmol), benzenethiosulfonic acid s-phenyl ester (0.5 mmol), alkyl bistriflimidate 
(0.2 mmol) and DMAc (3 ml) in a tube and place in a glove box. Magnesium plate (52.5 × 8 × 2 mm) 
was used as the anode, foamed nickel electrode (52.5 × 8 × 2 mm) was used as the cathode and then the 
reaction mixture was electrolyzed at a constant current of 20 mA. The mixture was then quenched with 
ethyl acetate, dried onto silica gel, and purified by rapid column chromatography.

General Procedure for the synthesis of the product 45-48

OO

O

R2
+

NaH2PO4 (0.2 equiv.)
H2O (1 equiv.)

1 0.3 mmol

N R2

O
Me

R1
O60 °C, 6 h

NTf2O

O

0.5 mL

An oven dried round-bottom flask equipped with a stir bar was charged with alkyl bistriflimidate (0.2 
mmol, 1.0 equiv), H2O (0.2 mmol, 1.0 equiv), NaH2PO4 (0.04 mmol, 0.2 equiv) and amide (0.5 ml). The 
reaction was stirred at 60 °C for 6 h. The reaction was then quenched with 20 mL H2O. The reaction 
mixture was partitioned between H2O and CH2Cl2 and layers were separated. The aqueous layer was 
extracted with CH2Cl2 (20 ml × 3). The organic layers were combined, dried over Na2SO4, filtered, and 
concentrated under reduced pressure. The reaction mixture was applied directly to a flash silica column 
for purification.

General Procedure for the synthesis of the product 49-56
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+
NTf2O

O

R

1

CN
O

O

H
N R

O

NaH2PO4 (0.2 equiv.)
H2O (1 equiv.)

60 °C, 6 h4.5 equiv

An oven dried round-bottom flask equipped with a stir bar was charged with alkyl bistriflimidate (0.2 
mmol, 1.0 equiv), H2O (0.2 mmol, 1.0 equiv), NaH2PO4 (0.04 mmol, 0.2 equiv) and nitrlie (0.9 mmol, 
4.5 equiv). The reaction was stirred at 60 °C for 6 h. The reaction was then quenched with 20 mL H2O. 
The reaction mixture was partitioned between H2O and CH2Cl2 and layers were separated. The aqueous 
layer was extracted with CH2Cl2 (20 ml × 3). The organic layers were combined, dried over Na2SO4, 
filtered, and concentrated under reduced pressure. The reaction mixture was applied directly to a flash 
silica column for purification.

One pot synthesis of products

NH2O

O

NFE

TBAI (0.8 mmol),
20 mA, 1 h

DMA (3 mL), r.t.
then pinacol, 0.5 h

Mg BpinO

O

3 43%

+

2 (4 equiv.)

B2Cat2

(without isolated)

NTf2O

O

Tf2O (3 equiv.)
Et3N (5 equiv.)

47 0.5 mmol

DCM (1 mL),0.5 h

An oven dried round-bottom flask equipped with a stir bar was charged with amine (0.5 mmol, 1.0 
equiv.), CH2Cl2 (1 ml, 0.5 M) and Et3N (2.5 mmol, 5.0 equiv.). The flask was cooled to -20 °C, and 
trifluoromethanesulfonic anhydride (1.5 mmol, 3.0 equiv.) was added dropwise. The reaction was stirred 
vigorously at -20 °C for 0.5 h and allowed to gradually warm up to room temperature. Then added TBAI 
(0.9 mmol), B2cat2 (2.0 mmol, 4 equiv.) and DMAc (3 ml) in the tube and place in a glove box. 
Magnesium plate (15 mm × 15 mm × 0.5 mm) was used as the anode, carbon cloth electrode (15 mm × 
15 mm) was used as the cathode and then the reaction mixture was electrolyzed at a constant current of 
20 mA. Afterwards, a solution of pinacol (2.0 mmol, 4.0 equiv., 236 mg) in triethylamine (1.0 mL) was 
added to the electrolyzer cell and the reaction mixture kept stirring at room temperature for 1 h. The 
crude yields were determined by GC using dodecane as internal standard.
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Graphical Guide for Borylation of Alkyl bistriflimidate
1. Materials used set-up.

Supplementary Figure 1: A electrochemical reaction bottle
2. Reagents used for borylation: TBAI, B2Cat2, DMA, Pinacol, Et3N and the Substrate.

Supplementary Figure 2: Electrochemical reaction reagents
3.TBAI (0.9 mmol, 332.0 mg) and B2Cat2 (1.2 mmol, 4 equiv., 286.0 mg) were added to a vessel 
equipped with a Teflon-coated magnetic stir bar. The vessel was wraped with teflon tape.

Supplementary Figure 3 
4. the vessel was moved to the glove box. Alkyl bistriflimidate and DMA (3 
ml) was added to the reaction mixture. The reaction mixture was connected 
to a potentiostat with the current kept at 20 mA.

Supplementary Figure 4: Duing reaction



S8

Procedure for continuous-flow reactor

Supplementary Figure 5: Electrochemical Continuous-Flow System
First, the flow electrochemistry device was assembled and installed, with the anode being an Fe 

electrode, the cathode a nickel electrode, and a cell volume of 3 mL. Second, 1 (0.1 M), 2 (0.4 M), TBAI 
(0.3 M) were dissolved in DMA (30 mL). n-dodecane as internal standard. The reaction mixture was 
pumped into the flow cell via a syringe and electrolyzed at a constant current of 20 mA at room 
temperature. The flow rate was 0.0125 mL/min and residence time was 4 h. Then added triethylamine 
(0.8 M) and pinacol (0.8 M) and stired at room temperature for one hour. The out flow of the reaction 
mixture was collected and monitored by GCMS.
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Procedure for cyclic voltammetry (CV)
Cyclic voltammetry was performed in a three-electrode cell connected to a schlenk line under nitrogen 
at room temperature. The working electrode was a steady glassy carbon disk electrode, the counter 
electrode a platinum wire. The reference was an Ag/AgCl electrode submerged in saturated aqueous KCl 
solution. 
nBu4NClO4 (0.4 mmol) and a solvent (DMA, 10 mL) were poured into the electrochemical cell in cyclic 
voltammetry experiments. The scan rate was 0.025 V/s, ranging from -0.5 V to -4 V. (2) alkyl 
bistriflimidate (1 mM) and a mixed solvent (DMA, 10 mL) containing nBu4NClO4 (0.4 mmol) were 
poured into the electrochemical cell in cyclic voltammetry experiments. The scan rate was 0.025 V/s, 
ranging from -0.5 V to -4 V. (3) Alkyl iodide (1 mM) and a mixed solvent (DMA, 10 mL) containing 
nBu4NClO4 (0.4 mmol) were poured into the electrochemical cell in cyclic voltammetry experiments. 
The scan rate was 0.025 V/s, ranging from -0.5 V to -4 V. (Supplementary Figure 6).

Supplementary Figure 6: Cyclic voltammetry
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Scale Up Experiments

Supplementary Figure 7: Scale Up Experiments 
TBAI (3.32 g, 9 mmol), B2Cat2 (2.86 g, 12 mmol), 1 (1.28 g, 3 mmol) and DMAc (30 ml) in a tube. 

Magnesium plate (35 mm × 40 mm × 0.2 mm) was used as the anode, carbon cloth electrode (35 mm × 
40 mm) was used as the cathode and then the reaction mixture was electrolyzed at a constant current of 
100 mA until the alkyl bistriflimidate was consumed. Then added triethylamine (2.42 g, 24 mmol) and 
pinacol (2.83 g, 24 mmol) and stired at room temperature for one hour. The mixture was then quenched 
with ethyl acetate, dried onto silica gel, and purified by rapid column chromatography.
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Intermediate verification experiments

NFE

TBAI, 20 mA, 30 min
B2Cat2, DMA, 25 °C

Mg

5b5a

I

F

BCat

F

NTf2

F
5'

TBAI (332 mg, 0.9 mmol), B2Cat2 (286 mg, 1.2 mmol), 5a (121 mg, 0.3 mmol), internal standard 
trifluorotoluene (0.5 mmol) and DMAc (3 ml) in a tube and placed in a glove box. Magnesium plate 
(52.5×8×2 mm) was used as the anode, foamed nickel electrode (52.5×8×2 mm) was used as the cathode 
and then the reaction mixture was electrolyzed at a constant current of 20 mA. Samples of the reaction 
mixture were taken in small amounts for yield analysis every minute during the first 10 minutes and then 
every 5 minutes thereafter. The results are as follows.

-10

10

30

50

70

90

110

0 10 20 30 40 50

Yi
el

d 
/%

Time / min

5b

5’

5a

Supplementary Figure 8: Reaction progress 

1 0.3 mmol 1-b

O

O

ITBAI(0.3 mmol)
DMA (1 ml), r.t., 5 mins

O

O

NTf2

quant.

TBAI (110 mg, 0.3 mmol), 1 (128 mg, 0.3 mmol), and DMAc (1 ml) in a tube. After stirring the reaction 
mixture for five minutes, we monitored the disappearance of starting material 1 by TLC. Then, 20 mL 
of EA was added for extraction, followed by washing with water, resulting in the equivalent conversion 
to 1-b without the need for further separation steps. Compound 1-b: 1H NMR (400 MHz, Chloroform-d) 
δ 6.75 (m, 1H), 6.70 – 6.54 (m, 2H), 5.94 (s, 2H), 3.38 – 3.16 (m, 2H), 3.08 (t, J = 7.7 Hz, 2H). 13C NMR 
(101 MHz, Chloroform-d) δ 147.9 , 146.5 , 134.6 , 121.5 , 108.8 , 108.5 , 101.1 , 40.2 , 6.2 .
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1-b 0.3 mmol 3, 86%

O

O

BPin
NFE

B2Cat2 (4 equiv.), TBAI(0.3 M)
20 mA, 30 min, DMA, r.t., Ar

then Et3N, pinacol,1 h

Mg
O

O

I

TBAI (332 mg, 0.9 mmol), B2Cat2 (286 mg, 1.2 mmol), 1-b (83 mg, 0.3 mmol), and DMAc (3 ml) in 
a tube and placed in a glove box. Magnesium plate (52.5×8×2 mm) was used as the anode, foamed nickel 
electrode (52.5×8×2 mm) was used as the cathode and then the reaction mixture was electrolyzed at a 
constant current of 20 mA, 30 min. Afterwards, a solution of pinacol (2.0 mmol, 4.0 equiv., 236 mg) in 
triethylamine (1.0 mL) was added to the electrolyzer cell and the reaction mixture kept stirring at room 
temperature for 1 h. The yield was determined by GC using dodecane as internal standard.
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Radical capture experiments 

+
O

O

Bpin

O

O

O

57

Standard conditions
TEMPO (3.0 equiv.)

B2Cat2

2 3, 34%

N

Me
Me

Me
Me

detected by HRMS
[M+H]+: 306.2062

1

NTf2O

O

TBAI (332 mg, 0.9 mmol), B2Cat2 (286 mg, 1.2 mmol), 1 (128 mg, 0.3 mmol), TEMPO (140 mg, 0.9 
mmol), and DMAc (3 ml) in a tube and placed in a glove box. Magnesium plate (52.5×8×2 mm) was 
used as the anode, foamed nickel electrode (52.5×8×2 mm) was used as the cathode and then the reaction 
mixture was electrolyzed at a constant current of 20 mA, 30 min. Afterwards, a solution of pinacol (2.0 
mmol, 4.0 equiv., 236 mg) in triethylamine (1.0 mL) was added to the electrolyzer cell and the reaction 
mixture kept stirring at room temperature for 1 h. The yield was determined by GC using dodecane as 
internal standard. And the alkyl-TEMPO adduct 57 was detected by HRMS.

Supplementary Figure 9: HRMS date of 57
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Ph

Ph

NTf2

NFE
TBAI(0.3 M)

20 mA, 30 min, DMA, r.t., Ar

Mg
+ Ph

Ph

F F

5a 61

TBAI (332 mg, 0.9 mmol), 1,1-diphenylethylene (0.6 mmol), 5a (0.3 mmol) and DMAc (3 ml) in a 
tube and placed in a glove box. Magnesium plate (52.5×8×2 mm) was used as the anode, foamed nickel 
electrode (52.5×8×2 mm) was used as the cathode and then the reaction mixture was electrolyzed at a 
constant current of 20 mA, 30 min. Afterwards, the radical adducts 61 were detectable by GC-MS.

7x10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

3.2

3.4
+EI TIC 扫描 SH-SS-112BYX.d

7.046

6.916

5.098

10.240

10.371

6.826 7.518 8.0215.610

Counts vs. 采集时间 (min)
5 5.2 5.4 5.6 5.8 6 6.2 6.4 6.6 6.8 7 7.2 7.4 7.6 7.8 8 8.2 8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4 10.6 10.8 11

F Ph

Ph

Exact Mass: 304.2

Exact Mass: 180.1
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1.5

1.6

+EI 扫描 (rt: 10.371 min) SH-SS-112BYX.D

18
1.

1
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3.

1
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5.

1
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9.

1

77
.1

17
9.

1
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5.

1

91
.1
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4.

2

83
.1

15
2.

1

19
3.

1
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.1

Counts vs. 质荷比 (m/z)
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F Ph

Ph

Exact Mass: 304.2

EPR experiments:

Standard conditions
PBN (2.0 equiv.)

1

NTf2O

O

 

background(left). standard conditions + PBN (right)
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Overview: the radical trapping agent TEMPO was added under the standard conditions and the alkyl 
radical was captured by HRMS, the radical trapping agent 1,1-diphenylethylene was added under the 
standard conditions and the alkyl radical was captured by GC-MS. In addition, a positive EPR signal was 
observed. Those support radical progress.
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Characterization Data

Compound 3

O

O

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 108 
mg (78%). Physical State: colorless oil. Rf= 0.35 (Hexane: ethyl acetate=20:1). 
1H NMR (400 MHz, Chloroform-d) δ 6.70 (m, 3H), 5.90 (s, 2H), 3.19 – 2.39 (m, 2H), 1.22 (s, 12H), 
1.09 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 147.4, 145.3, 138.4, 120.6, 108.6, 108.0, 100.6, 83.1, 29.8, 24.8. 
The signal of the α-B-carbon was not observed.

All data matched that reported in the literature[1]

Compound 4

Bpin

F

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 94 

mg (75%). Physical State: colorless oil. Rf= 0.35 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.14 (m, 1H), 7.02 – 6.88 (m, 2H), 6.89 – 6.79 (m, 1H), 
2.74 (t, J = 8.1 Hz, 2H), 1.22 (s, 12H), 1.17 – 1.08 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 161.2 (d, J = 242.6 Hz), 147.2 (d, J = 7.0 Hz), 129.7 (d, J = 8.4 

Hz), 123.8 (d, J = 2.8 Hz), 115.0 (d, J = 20.9 Hz), 112.5 (d, J = 21.0 Hz), 83.4, 29.9, 24.9. The signal of 

the α-B-carbon was not observed.
19F NMR (376 MHz, Chloroform-d) δ -114.26.

All data matched that reported in the literature[1]

 Compound 5

F

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

91.1 mg (73%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.18 – 7.13 (m, 2H), 6.97 – 6.89 (m, 2H), 2.72 (t, J = 8.1 Hz, 
2H), 1.21 (s, 12H), 1.16 – 1.07 (m, 2H). 
13C NMR (101 MHz, Chloroform-d) δ 161.24 (d, J = 242.6 Hz), 140.4 (d, J = 3.1 Hz), 129.8 (d, J = 7.7 

Hz), 115.3 (d, J = 21.0 Hz), 83.6, 29.6, 25.3. The signal of the α-B-carbon was not observed.
All data matched that reported in the literature[1]
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Compound 6

CF3

BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 105 

mg (70%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.49 (s, 1H), 7.44 – 7.34 (m, 3H), 2.81 (t, J = 7.9 Hz, 2H), 1.20 
(s, 12H), 1.16 (t, J = 7.9 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 145.4 , 131.7 , 130.5 (q, J = 31.7 Hz), 128.7 , 127.5 (d, J = 266.0 
Hz).125.0 (q, J = 3.9 Hz), 122.6 (q, J = 4.1 Hz), 83.4, 30.0, 24.9. The signal of the α-B-carbon was not 

observed.
19F NMR (376 MHz, Chloroform-d) δ -62.60.
All data matched that reported in the literature[7]

Compound 7

F3C

BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 90 

mg (60%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.51 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 2.80 (t, J = 8.1 
Hz, 2H), 1.22 (s, 12H), 1.15 (t, J = 8.1 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 148.6, 128.5, 128.1 (q, J = 32 Hz), 125.2 (q, J = 270 Hz), 124.6 
(q, J = 8.1 Hz, 2H), 83.4, 30.0, 24.9. The signal of the α-B-carbon was not observed.
19F NMR (376 MHz, Chloroform-d) δ -62.27.

All data matched that reported in the literature[1]

Compound 8

Bpin

Cl

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

89.1 mg (67%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.21 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 2.71 (t, J = 8.1 
Hz, 2H), 1.21 (s, 12H), 1.15 – 1.07 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 142.9, 131.3, 129.5, 128.3, 83.3, 29.5, 25.0. The signal of the α-
B-carbon was not observed.
All data matched that reported in the literature[2]

Compound 9
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Me

O

BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=15:1) afforded 

91.8 mg (67%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=15:1).
1H NMR (400 MHz, Chloroform-d) δ 7.89 – 7.82 (m, 2H), 7.37 – 7.25 (m, 2H), 2.79 (t, J = 8.1 Hz, 
2H), 2.56 (s, 3H), 1.21 (s, 12H), 1.14 (t, J = 8.1 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 198.1, 150.4, 135.0, 128.6, 128.3, 83.4, 30.2, 26.7, 25.0. The 
signal of the α-B-carbon was not observed.

All data matched that reported in the literature[1]

Compound 10

Bpin
Me

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 92 

mg (75%). Physical State: colorless oil. Rf= 0.40 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.09 (s, 4H), 2.76 – 2.67 (m, 2H), 2.30 (s, 3H), 1.22 (s, 12H), 
1.14 – 1.05 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 142.6, 135.9, 130.1, 128.2, 125.9, 125.8, 83.0, 27.3, 24.9, 19.4. 
The signal of the α-B-carbon was not observed.

All data matched that reported in the literature[2]

Compound 11

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 86 

mg (70%). Physical State: colorless oil. Rf= 0.40 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.32 – 7.03 (m, 5H), 2.70 – 2.43 (m, 2H), 1.84 – 1.61 (m, 2H), 
1.23 (s, 12H), 0.81 (t, J = 7.9 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 142.8, 128.7, 128.3, 125.7, 83.0, 38.7, 26.2, 25.0, 11.0. 
All data matched that reported in the literature[2]

Compound 12
BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 90 

mg (71%). Physical State: colorless oil. Rf= 0.40 (Hexane: ethyl acetate=20:1).
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1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.03 (m, 5H), 2.72 – 2.35 (m, 2H), 1.76 – 1.53 (m, 2H), 
1.53 – 1.37 (m, 2H), 1.24 (s, 12H), 0.88 – 0.79 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 143.1, 128.5, 128.3 0, 125.6 0, 83.0 0, 35.9 0, 34.3 0, 29.9 0, 
25.0, 23.9. The signal of the α-B-carbon was not observed.

All data matched that reported in the literature[2]

Compound 13

Bpin

tBu

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

108.1 mg (75%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.43 – 7.28 (m, 2H), 7.28 – 7.13 (m, 2H), 2.86 – 2.69 (m, 2H), 
1.36 (s, 9H), 1.27 (s, 12H), 1.23 – 1.13 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 148.3, 141.4, 127.8, 125.2, 83.1, 34.4, 31.6, 29.5, 24.9. The 
signal of the α-B-carbon was not observed.

All data matched that reported in the literature[1]

Compound 14

O

BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 92 

mg (71%). Physical State: white solid. Rf= 0.5 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.13 (m, 2H), 6.86 – 6.75 (m, 2H), 3.77 (s, 3H), 2.71 – 2.67 (m, 
2H), 1.22 (s, 12H), 1.11 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 157.7, 136.7, 129.0, 113.7, 83.2, 55.4, 29.2, 24.9. The signal of 
the α-B-carbon was not observed.

All data matched that reported in the literature[1]

Compound 15

NC

BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 88 

mg (69%). Physical State: white solid. Rf= 0.55 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.54 (d, J = 8.3 Hz, 2H), 7.34 – 7.26 (m, 2H), 2.79 (t, J = 8.0 Hz, 
2H), 1.20 (s, 12H), 1.13 (t, J = 8.1 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 150.2, 132.2, 128.9, 119.3, 109.5 , 83.4, 30.3, 24.9. The signal 
of the α-B-carbon was not observed.

All data matched that reported in the literature[3]
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Compound 16

Bpin
Me

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 80 

mg (65%). Physical State: white solid. Rf= 0.55 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.28 – 7.21 (m, 4H), 7.17 – 7.11 (m, 1H), 3.06 – 2.98 (m, 1H), 
1.27 (d, J = 6.9 Hz,3H), 1.15 (s, 14H).
13C NMR (101 MHz, Chloroform-d) δ 149.4, 128.3, 126.8, 125.8, 83.1, 35.9, 25.0, 24.9, 24.8, 21.3. 
All data matched that reported in the literature[8]

Compound 17
O

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

82.3 mg (67%). Physical State: colorless oil. Rf= 0.55 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.30 – 7.21 (m, 2H), 7.08 – 6.86 (m,3H), 4.11 (t, J = 7.8 Hz, 2H), 
1.37 (t, J = 7.8 Hz,2H), 1.26 (s, 12H).
 13C NMR (101 MHz, Chloroform-d) δ 159.2, 129.4, 120.5, 114.8, 83.5, 64.9, 24.9. The signal of the 
α-B-carbon was not observed.

All data matched that reported in the literature[5]

Compound 18

S
Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 90 

mg (76%). Physical State: colorless oil. Rf= 0.40 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.08 – 7.06 (m, 1H), 6.90 – 6.88 (m, 1H), 6.80 – 6.79 (m, 1H), 
2.94 – 2.98 (m, 2H), 1.20 (s, 12H), 0.85 – 0.89 (m, 2H)
13C NMR (101 MHz, Chloroform-d) δ 147.9, 126.7, 123.5, 122.7, 83.4, 29.8, 24.9, 14.3. 
All data matched that reported in the literature[2]

Compound 19

TfN

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=10:1) afforded 135 

mg (67%). Physical State: white solid. Rf= 0.40 (Hexane: ethyl acetate=10:1).
1H NMR (400 MHz, Chloroform-d) δ 7.91 – 7.84 (m, 1H), 7.65 – 7.57 (m, 1H), 7.37 (ddd, J = 7.0, 5.2, 
1.6 Hz, 2H), 7.16 (d, J = 1.4 Hz, 1H), 2.88 – 2.79 (m, 2H), 1.27 – 1.20 (m, 14H).
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13C NMR (101 MHz, Chloroform-d) δ 135.9, 131.4, 128.0, 125.8, 124.6, 122.1, 120.2, 119.8 (q, J = 
324.1 Hz), 113.9, 83.5, 24.9, 19.3. The signal of the α-B-carbon was not observed. 
19F NMR (376 MHz, Chloroform-d) δ -75.19.

HRMS(ESI) m/z:  calced for C17H22BF3NO4S+ [M+H]+: 404.1309, found: 404.1310.

Compound 20

O

OH

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 78 

mg (58%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 7.58 – 7.54 (m, 1H), 7.52 – 7.45 (m, 2H), 7.33 – 7.21 (m, 2H), 
3.91 (t, J = 6.4 Hz, 2H), 2.95 – 2.88 (m, 2H), 1.73 (s, 1H).
13C NMR (101 MHz, Chloroform-d) δ 155.8, 142.6, 128.4, 124.8, 122.9, 120.0, 117.2, 112.0, 62.2, 
27.5. 

All data matched that reported in the literature[21]

Compound 21

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 96 

mg (68%). Physical State: white solid. Rf= 0.55 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 8.14 – 8.05 (m, 1H), 7.88 – 7.81 (m, 1H), 7.73 – 7.65 (m, 1H), 
7.55 – 7.42 (m, 2H), 7.39 (d, J = 6.2 Hz, 2H), 3.27 – 3.18 (m, 2H), 1.35 – 1.26 (m, 2H), 1.25 (s, 12H).
13C NMR (101 MHz, Chloroform-d) δ 140.6, 133.9, 131.9, 128.8, 126.4, 125.7, 125.7, 125.5, 125.1, 
124.1, 83.3, 27.1, 25.0. The signal of the α-B-carbon was not observed.

All data matched that reported in the literature[2]

Compound 22

O
Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

73.5 mg (65%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 3.91 – 3.82 (m, 2H), 3.38 – 3.34 (m, 2H), 1.71 – 1.67 (m,1H), 
1.60 – 1.55 (m, 2H), 1.31 – 1.25 (m, 2H), 1.22 (s, 12H), 0.76 (d, J = 7.1 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 83.1, 68.3, 35.5, 31.5, 25.0. The signal of the α-B-carbon was 
not observed.

All data matched that reported in the literature[6]
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Compound 23
Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 56 

mg (47%). Physical State: colorless oil. Rf= 0.35 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 1.74 – 1.56 (m, 5H), 1.26 – 1.23 (m, 15H), 0.94 – 0.81 (m, 5H), 
0.71 (d, J = 7.2 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 82.9, 36.1, 34.4, 29.9, 26.7, 26.5, 24.9. The signal of the α-B-

carbon was not observed.

All data matched that reported in the literature[4]

Compound 24
Me O

BPin
O

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

66.6 mg (55%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 4.08 (q, J = 7.1 Hz, 2H), 2.28 (t, J = 7.6 Hz, 2H), 1.81 – 1.57 (m, 
2H), 1.22 (t, J = 7.1 Hz, 3H), 1.21 (s, 12H), 0.78 (t, J = 7.9 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 173.8, 83.1, 60.2, 36.7, 24.9, 19.8, 14.4, 10.8. 

All data matched that reported in the literature[4]

Compound 25
Cl Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

51.1 mg (71%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d)δ 3.53 (t, J = 6.8 Hz, 2H), 1.90 – 1.86 (m, 2H), 1.24 (s, 12H), 0.91 
(t, J = 7.8 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 83.3, 47.3, 27.5, 25.0. The signal of the α-B-carbon was not 
observed.

All data matched that reported in the literature[7]

Compound 26

Bpin
Bpin5

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

157.6 mg (80%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=10:1).
1H NMR (400 MHz, Chloroform-d)δ 1.37 (m, 4H), 1.24 – 1.20 (m, 36H), 0.74 (t, J = 7.8 Hz, 4H).
13C NMR (101 MHz, Chloroform-d) δ 83.0, 32.6, 29.8, 29.6, 25.0, 24.2. The signal of the α-B-carbon 
was not observed.

All data matched that reported in the literature[10]
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Compound 27

Me Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 111 

mg (63%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 1.39 (t, J = 7.6 Hz, 2H), 1.28 – 1.24 (m, 38H), 0.88 (t, J = 6.8 
Hz, 3H), 0.76 (t, J = 7.8 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 82.8, 32.6, 32.1, 29.9, 29.8, 29.82 29.7, 29.6, 29.5, 25.0, 24.2, 
22.9, 14.3, 11.3. The signal of the α-B-carbon was not observed.

All data matched that reported in the literature[9]

Compound 28
Me Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

95.2 mg (71%). Physical State: colorless oil. Rf= 0.55 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 1.40 – 1.33 (m, 2H), 1.31 – 1.17 (m, 26H), 0.85 (t, J = 6.8 Hz, 
3H), 0.73 (t, J = 7.7 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 82.9, 32.56, 32.1, 29.8, 29.7, 29.5, 29.5, 24.9, 24.1, 22.8, 14.2. 
The signal of the α-B-carbon was not observed.

All data matched that reported in the literature[10]

Compound 29

Bpin
OTBS

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 

116.2 mg (68%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 3.58 (t, J = 6.7 Hz, 2H), 1.53 – 1.45 (m, 2H), 1.43 – 1.36 (m, 
2H), 1.29 (p, J = 3.8 Hz, 4H), 1.23 (s, 12H), 0.88 (s, 9H), 0.76 (t, J = 7.7 Hz, 2H), 0.03 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 83.0, 63.5, 33.0, 32.4, 25.8, 25.0, 24.1, 18.5, -5.1. The signal of 
the α-B-carbon was not observed.

HRMS(ESI) m/z: calced for C18H40BO3Si+ [M+H]+: 343.2834, found: 343.2836.

Compound 30

Si
O
Si BPinPinB

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 176 

mg (75%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 1.50 – 1.37 (m, 4H), 1.24 (s, 24H), 0.82 (t, J = 7.6 Hz, 4H), 0.54 
(m, 4H), 0.02 (s, 12H).
13C NMR (101 MHz, Chloroform-d) δ 83.0, 25.0, 21.8, 18.1, 0.6. The signal of the α-B-carbon was not 
observed.
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All data matched that reported in the literature[3]

Compound 31

NC
BPin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 63 

mg (55%). Physical State: colorless oil. Rf= 0.45 (Hexane: ethyl acetate=20:1).
1H NMR (400 MHz, Chloroform-d) δ 2.29 (t, J = 7.1 Hz, 2H), 1.68 – 1.58 (m, 2H), 1.57 – 1.46 (m, 
2H), 1.20 (s, 12H), 0.76 (t, J = 7.7 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 119.6, 82.9, 27.5, 24.5, 23.0, 16.6. The signal of the α-B-carbon 
was not observed.

All data matched that reported in the literature[4]

Compound 32

Me
S

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 78 

mg (68%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=10:1).
1H NMR (400 MHz, Chloroform-d) δ 2.54 – 2.39 (m, 2H), 2.07 (s, 3H), 1.80 – 1.63 (m, 2H), 1.24 – 
1.23(m, 14H), 0.86 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 83.2, 36.7, 29.8, 24.9, 23.8, 15.5. The signal of the α-B-carbon 
was not observed.

All data matched that reported in the literature[1] 

Compound 33
Me

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
61.7 mg (45%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 7.31 – 7.08 (m, 5H), 2.62 – 2.57 (m, 2H), 1.84 – 1.71 (m, 1H), 
1.61 – 1.53 (m, 1H), 1.23 (s, 12H), 1.07 – 0.99 (m, 4H).
13C NMR (101 MHz, Chloroform-d) δ 143.2, 128.6, 128.3, 125.6, 83.0, 35.5, 29.9, 24.9, 15.6. The 
signal of the α-B-carbon was not observed.

All data matched that reported in the literature[3]

Compound 34
Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 56 
mg (38%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
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1H NMR (500 MHz, Chloroform-d) δ 1.45 – 1.35 (m, 10H), 1.34 – 1.26 (m, 12H), 1.23 (s, 12H), 0.92 
– 0.85 (m, 1H).
13C NMR (126 MHz, Chloroform-d) δ 29.9, 25.1, 24.9, 24.4, 24.3, 23.6, 23.6, 23.5. The signal of the 
α-B-carbon was not observed.

All data matched that reported in the literature[3]

Compound 35

O

Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
43.5 mg (41%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (500 MHz, Chloroform-d) δ 3.82 (m, 2H), 3.52 – 3.41 (m, 2H), 1.68 – 1.53 (m, 5H), 1.24 (s, 
12H).
13C NMR (126 MHz, Chloroform-d) δ 83.3, 69.0, 27.8, 24.9. The signal of the α-B-carbon was not 
observed.

All data matched that reported in the literature[2]

Compound 36
Bpin

0.5 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 39 
mg (38%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 1.69 – 1.62 (m, 4H), 1.60 – 1.53 (m, 6H), 1.22 (s, 12H), 1.03 – 
0.91 (m, 1H).
13C NMR (101 MHz, Chloroform-d) δ 82.9, 28.1, 27.3, 26.9, 24.9. The signal of the α-B-carbon was 
not observed.

All data matched that reported in the literature[3]

Compound 37

O

O

S

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 48 
mg (92%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 7.36 – 7.32 (m, 2H), 7.30 – 7.25 (m, 2H), 7.20 – 7.14 (m, 1H), 
6.72 (d, J = 7.9 Hz, 1H), 6.67 (d, J = 1.7 Hz, 1H), 6.62 (m, 1H), 5.90 (s, 2H), 3.14 – 3.08 (m, 2H), 2.87 
– 2.78 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 147.8, 146.2, 136.4, 134.1, 129.3, 129.3, 126.1, 121.5, 109.1, 
108.4, 101.0, 35.5 (2C).
All data matched that reported in the literature [11]

Compound 38
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O

O

Se

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
57.5 mg (94%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 7.62 – 7.48 (m, 2H), 7.38 – 7.19 (m, 3H), 6.86 – 6.52 (m, 3H), 
5.94 (s, 2H), 3.19 – 3.07 (m, 2H), 3.00 – 2.83 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 147.8, 146.2, 135.0, 132.7, 130.3, 129.2, 127.0, 121.4, 109.0, 
108.3, 101.0, 36.4, 29.1.

HRMS(ESI) m/z: calced for C15H15O2S+ [M+H]+: 307.0232, found: 307.0233.

Compound 39

O

O

Te

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 65 
mg (91%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 7.84 – 7.49 (m, 2H), 7.30 – 7.07 (m, 3H), 6.81 – 6.39 (m, 3H), 
5.90 (s, 2H), 3.14 – 3.03 (m, 2H), 3.06 – 2.96 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 147.4, 145.8, 138.2, 136.3, 129.0, 127.4, 120.8, 111.5, 108.4, 
108.0, 100.6, 37.7, 9.4.

HRMS(ESI) m/z: calced for C15H15O2Te+ [M+H]+: 357.0129, found: 357.01130.

Compound 40

O

O

S
O O

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
34.8 mg (61%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 8.02 – 7.82 (m, 2H), 7.82 – 7.60 (m, 1H), 7.61 – 7.49 (m, 2H), 
6.71– 6.66 (m, 1H), 6.60 – 6.49 (m, 2H), 5.89 (s, 2H), 3.38 – 3.23 (m, 2H), 3.06 – 2.85 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 148.0, 146.6, 139.1, 133.9, 131.2, 129.4, 128.1, 121.4, 108.8, 
108.5, 101.1, 57.8, 28.6.

HRMS(ESI) m/z: calced for C15H15O4S+ [M+H]+: 291.0686, found: 291.0688.

Compound 41

O

O

S
Me

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
41.6 mg (93%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 6.75 – 6.63 (m, 3H), 5.92 (s, 2H), 2.82 – 2.78 (m, 2H), 2.74 – 
2.70 (m, 2H), 2.53 – 2.46 (m, 2H), 1.62 (m, 2H), 0.99 (t, J = 7.2 Hz, 3H)
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13C NMR (101 MHz, Chloroform-d) δ 147.7, 146.1, 134.7, 121.4, 109.0, 108.3, 101.0, 36.2, 34.5, 34.0, 
23.1, 13.6.

HRMS(ESI) m/z: calced for C12H17O2S+ [M+H]+: 225.0944, found: 225.0943.

Compound 42

O

O

S Me

Me
Me

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
42mg (93%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 6.77 – 6.56 (m, 3H), 5.92 (s, 2H), 2.92 – 2.54 (m, 4H), 1.33 (s, 
9H).
13C NMR (101 MHz, Chloroform-d) δ 148.0, 146.4, 135.2, 121.7, 109.3, 108.6, 101.3, 42.6, 36.5 , 31.4, 
30.7.

HRMS(ESI) m/z: calced for C13H19O2S+ [M+H]+: 239.1100, found: 239.1101.

Compound 43

O

O

S

Cl

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 54 
mg (91%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 7.26 (s, 4H), 6.96 – 6.49 (m, 3H), 5.92 (s, 2H), 3.10 (m, 2H), 
2.83 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 133.4, 130.3, 128.8, 121.2, 108.6, 108.0, 100.7, 35.3, 35.0.
All data matched that reported in the literature[11]

Compound 44

O

O

S

OMe

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 52 
mg (90%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=20:1)
1H NMR (400 MHz, Chloroform-d) δ 7.41 – 7.30 (m, 2H), 6.92 – 6.82 (m, 2H), 6.77 – 6.57 (m, 3H), 
5.92 (s, 2H), 3.81 (s, 3H), 3.07 – 2.96 (m, 2H), 2.86 – 2.70 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 159.0, 147.7, 146.1, 134.3, 133.3, 126.4, 121.5, 114.7, 109.1, 
108.3, 101.0, 55.4, 37.6, 35.7.

HRMS(ESI) m/z:  calced for C16H17O3S+ [M+H]+: 289.0893, found: 289.0892.

Compound 45

O

O

O O
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0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
33.3 mg (86%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=10:1)
1H NMR (400 MHz, Chloroform-d) δ 8.04 (s, 1H), 6.98 – 6.58 (m, 3H), 5.93 (s, 2H), 4.87 – 3.96 (m, 
2H), 2.89 (t, J = 7.0 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 161.1, 147.9, 146.5, 131.2, 122.0, 109.4, 108.5, 101.1, 64.7, 
34.8.

HRMS(ESI) m/z: calced for C10H10NaO4
+ [M+Na]+: 217.0471, found: 217.0469.

Compound 46

O

O

O O

Me

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
37.4 mg (90%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=10:1)
1H NMR (500 MHz, Chloroform-d) δ 6.79 – 6.51 (m, 3H), 5.91 (s, 2H), 4.21 (t, J = 7.0 Hz, 2H), 2.83 
(t, J = 7.0 Hz, 2H), 2.03 (s, 3H).
13C NMR (126 MHz, Chloroform-d) δ 170.8, 147.5, 146.0, 131.4, 121.6, 109.1, 108.1, 100.8, 64.9, 
34.6, 20.8.

HRMS(ESI) m/z: calced for C11H12NaO4
+ [M+Na]+: 231.0628, found: 231.0630.

Compound 47

Cl

O Me

O

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 31 
mg (78%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=10:1)
1H NMR (400 MHz, Chloroform-d) δ 7.31 – 7.24 (m, 2H), 7.19 – 7.11 (m, 2H), 4.25 (t, J = 6.9 Hz, 
2H), 2.90 (t, J = 7.0 Hz, 2H), 2.03 (s, 3H).
13C NMR (101 MHz, Chloroform-d) δ 171.4, 136.8, 132.9, 130.7, 129.1, 65.0, 34.9, 21.4.

HRMS(ESI) m/z: calced for C10H11ClNaO2
+ [M+Na]+: 221.0340, found: 221.0339.

Compound 48

O Me

O

14

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
37.5 mg (66%). Physical 
State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=10:1) 

1H NMR (500 MHz, Chloroform-d) δ 4.05 (s, 2H), 2.04 (s, 3H), 1.76 – 1.53 (m, 2H), 1.33 – 1.26 (m, 
26H), 0.88 (t, J = 6.9 Hz, 3H).
13C NMR (126 MHz, Chloroform-d) δ 171.2, 64.6, 31.8, 29.59, 29.59, 29.57, 29.56, 29.56, 29.54, 
29.47, 29.42, 29.3, 29.2, 28.5, 25.8, 22.6, 20.9, 14.0.
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HRMS(ESI) m/z: calced for C17H14F3NNaO3
+ [M+Na]+: 307.2608, found: 307.2606.

Compound 49

O

O

H
N Me

O

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
33.5 mg (81%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=5:1)
1H NMR (400 MHz, Chloroform-d) δ 6.84 – 6.52 (m, 3H), 5.94 (s, 2H), 5.45 (s, 1H), 3.57 – 3.28 (m, 
2H), 2.72 (t, J = 6.9 Hz, 2H), 1.94 (s, 3H).
13C NMR (101 MHz, Chloroform-d) δ 170.5, 148.3, 146.7, 133.0, 122.1, 109.5, 108.8, 101.4, 41.3, 
35.9, 23.8.
All data matched that reported in the literature [14]

Compound 50

O

O

H
N tBu

O

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 43 
mg (86%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=5:1)
1H NMR (400 MHz, Chloroform-d) δ 6.93 – 6.45 (m, 3H), 5.93 (s, 2H), 5.71 (s, 1H), 3.61 – 3.17 (m, 
2H), 2.72 (t, J = 6.9 Hz, 2H), 1.15 (s, 9H).
13C NMR (101 MHz, Chloroform-d) δ 178.8, 148.2, 146.6, 133.2, 122.1, 109.5, 108.7, 101.3, 41.2, 
39.1, 35.8, 28.0.
All data matched that reported in the literature [15]

Compound 51

H
N Me

O
F

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
26.8 mg (74%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=4:1)
1H NMR (400 MHz, Chloroform-d) δ 7.15 – 7.11 (m, 2H), 7.00 – 6.94 (m, 2H), 5.86 (s, 1H), 3.46 (m, 
2H), 2.77 (t, J = 7.1 Hz, 2H), 2.06 (s, 3H).
13C NMR (101 MHz, Chloroform-d) δ 171.0, 161.7 (d, J = 244.6 Hz), 134.5 (d, J = 3.3 Hz), 130.2 (d, 
J = 8.0 Hz), 115.5 (d, J = 21.2 Hz), 41.0, 34.8, 23.2. 
19F NMR (376 MHz, Chloroform-d) δ -116.60.

All data matched that reported in the literature[15]

Compound 52
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H
N Me

O
Br

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
38.6 mg (80%). Physical State: colorless oil. Rf= 0.30 (Hexane: ethyl acetate=4:1)
1H NMR (400 MHz, Chloroform-d) δ 7.61 – 7.33 (m, 2H), 7.20 – 6.82 (m, 2H), 5.72 (s, 1H), 3.45 m, 
2H), 2.75 (t, J = 7.0 Hz, 2H), 1.92 (s, 3H).
13C NMR (101 MHz, Chloroform-d) δ 170.0, 137.7, 131.4, 130.2, 120.1, 40.3, 34.9, 23.0.

All data matched that reported in the literature[17]

Compound 53

 

O

O

H
N

O

Me

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 45 
mg (80%). Physical State: colorless oil. Rf= 0.50 (Hexane: ethyl acetate=4:1)
1H NMR (400 MHz, Chloroform-d) δ 7.70 – 7.56 (m, 2H), 7.20 (d, J = 7.9 Hz, 2H), 6.82 – 6.56 (m, 
3H), 6.18 (s, 1H), 5.93 (s, 2H), 3.69 – 3.60 (m, 2H), 2.83 (t, J = 6.9 Hz, 2H), 2.38 (s, 3H).
13C NMR (101 MHz, Chloroform-d) δ 167.5, 148.0, 146.4, 141.9, 132.8, 131.9, 129.3, 126.9, 121.8, 
109.2, 108.5, 101.0, 41.4, 35.6, 21.5.

All data matched that reported in the literature[18]

Compound 54

O

O

H
N

O

tBu

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 56 
mg (76%). Physical State: colorless oil. Rf= 0.50 (Hexane: ethyl acetate=4:1)
1H NMR (400 MHz, Chloroform-d) δ 7.69 – 7.58 (m, 2H), 7.53 – 7.36 (m, 2H), 6.83 – 6.57 (m, 3H), 
6.10 (s, 1H), 5.94 (s, 2H), 3.66 (t, J = 6.6 Hz, 2H), 2.84 (t, J = 6.8 Hz, 2H), 1.32 (s, 9H).
13C NMR (101 MHz, Chloroform-d) δ 167.5, 155.0, 148.1, 146.4, 132.8, 131.9, 126.8, 125.7, 121.9, 
109.2, 108.6, 101.1, 41.3, 39.0, 35.6, 31.3. 

All data matched that reported in the literature[18]

Compound 55

O

O

H
N

O

CF3

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
44.5 mg (66%). Physical State: colorless oil. Rf= 0.50 (Hexane: ethyl acetate=4:1)
1H NMR (400 MHz, Chloroform-d) δ 7.83 – 7.76 (m, 2H), 7.67 (d, J = 8.1 Hz, 2H), 6.80 – 6.59 (m, 
3H), 6.18 (s, 1H), 5.94 (s, 2H), 3.77 – 3.51 (m, 2H), 2.86 (t, J = 6.8 Hz, 2H).
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13C NMR (101 MHz, Chloroform-d) δ 166.2, 148.0, 146.4, 138.0, 133.2 (q, J = 32.6 Hz), 132.3, 127.3, 
125.7 (q, J = 3.7 Hz), 123.6 (q, J = 272.5 Hz), 121.7, 109.0, 108.5, 101.0, 41.4, 35.3, 29.7.
19F NMR (376 MHz, Chloroform-d) δ -62.98.

HRMS(ESI) m/z: calced for C17H15F3NO3
+ [M+H]+: 338.0999, found: 338.1001.

Compound 56

S

HN

O

CF3

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=20:1) afforded 
45.4 mg (82%). Physical State: colorless oil. Rf= 0.50 (Hexane: ethyl acetate=4:1)
1H NMR (400 MHz, Chloroform-d) δ 7.96 – 7.79 (m, 2H), 7.73 – 7.60 (m, 2H), 6.76 (s, 1H), 3.79 – 
3.53 (m, 2H), 2.61 (t, J = 6.9 Hz, 2H), 2.11 (s, 3H), 1.94 (t, J = 6.8 Hz, 2H).
 13C NMR (101 MHz, Chloroform-d) δ 166.1, 137.6, 133.0 (q, J = 32.9 Hz), 127.2, 125.4 (q, J = 3.8 
Hz), 123.7 (q, J = 272.5 Hz), 39.4, 31.9, 28.0, 15.3.
19F NMR (376 MHz, Chloroform-d) δ -62.97.

HRMS(ESI) m/z: calced for C12H15F3NOS+ [M+H]+: 278.0821, found: 278.0820.

Compound 58

O

O

H
N

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=10:1) afforded 
20.4 mg (40%). Physical State: colorless oil. Rf= 0.70 (Hexane: ethyl acetate=5:1)
1H NMR (400 MHz, Chloroform-d) δ 7.00 (d, J = 8.2 Hz, 2H), 6.76 (d, J = 7.8 Hz, 1H), 6.72 (d, J = 
1.5 Hz, 1H), 6.67 (dd, J = 7.9, 1.6 Hz, 1H), 6.59 – 6.52 (m, 2H), 5.94 (s, 2H), 3.33 (t, J = 6.9 Hz, 2H), 
2.83 (t, J = 6.9 H, 2H), 2.25 (s, 3H).
13C NMR (101 MHz, Chloroform-d) δ 147.9, 146.2, 145.8, 133.3, 129.9, 126.9, 121.8, 113.4, 109.2, 
108.5, 101.0, 45.8, 35.4, 20.5.

All data matched that reported in the literature[22]

Compound 59
O

O

0.2 mmol scale. Purification by flash column chromatography (Hexane: ethyl acetate=10:1) afforded 
12.2 mg (30%). Physical State: colorless oil. Rf= 0.70 (Hexane: ethyl acetate=10:1)
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1H NMR (400 MHz, Chloroform-d) δ 6.72 (d, J = 7.9 Hz, 1H), 6.68 (d, J = 1.7 Hz, 1H), 6.63 (dd, J = 

7.9, 1.7 Hz, 1H), 5.92 (s, 2H), 4.77 – 4.65 (m, 2H), 2.55 – 2.50 (m, 2H), 2.03 (t, J = 7.6 Hz, 2H), 1.76 – 

1.67 (m, 5H).
13C NMR (101 MHz, Chloroform-d) δ 147.64, 145.80, 145.63, 136.58, 121.26, 110.16, 109.04, 108.21, 

100.86, 37.34, 35.35, 29.74, 22.56.

All data matched that reported in the literature[18]

Compound 60

CF3

0.2 mmol scale. Purification by flash column chromatography (Hexane) afforded 22.5 mg (49%). 
Physical State: colorless oil. Rf= 0.60 (Hexane)
1H NMR (500 MHz, Chloroform-d) δ 8.01 – 7.96 (m, 1H), 7.89 (dd, J = 8.1, 1.5 Hz, 1H), 7.78 (d, J = 
8.2 Hz, 1H), 7.57 (ddd, J = 8.4, 6.7, 1.5 Hz, 1H), 7.52 (ddd, J = 8.0, 6.7, 1.3 Hz, 1H), 7.43 (dd, J = 8.2, 
7.0 Hz, 1H), 7.36 (dd, J = 7.0, 1.1 Hz, 1H), 3.38 – 3.32 (m, 2H), 2.59 – 2.46 (m, 2H).
13C NMR (126 MHz, Chloroform-d) δ 34.9 (q, J = 28.3 Hz), 25.4 (d, J = 3.5 Hz). 13C NMR (126 MHz, 
Chloroform-d) δ 135.0, 134.0, 131.4, 129.1, 127.6, 126.9 (q, J = 276.8 Hz), 126.4, 126.2, 125.8, 125.6, 
123.0, 34.9 (q, J = 28.3 Hz), 25.4 (d, J = 3.5 Hz).
19F NMR (471 MHz, Chloroform-d) δ -66.73.

All data matched that reported in the literature[23]



S1
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Compound 4 1H NMR 
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Compound 4 19F NMR
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Compound 5 1H NMR
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Compound 5 19F NMR
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Compound 6 1H NMR
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Compound 6 19F NMR
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Compound 7 1H NMR
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Compound 7 19F NMR

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)

-6
2.

27



S10

Compound 8 1H NMR
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Compound 9 1H NMR
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Compound 11 13C NMR 
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Compound 12 1H NMR
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Compound 12 13C NMR 
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Compound 13 1H NMR 
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Compound 13 13C NMR
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Compound 14 1H NMR
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Compound 15 1H NMR 
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Compound 15 13C NMR
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Compound 16 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

14
.0
4

3.
25

1.
00

0.
95

4.
06

1.
15

1.
26

1.
28

3.
00

3.
02

3.
02

3.
03

3.
04

3.
05

7.
11

7.
12

7.
13

7.
13

7.
13

7.
14

7.
14

7.
14

7.
15

7.
15

7.
16

7.
22

7.
22

7.
23

7.
23

7.
24

7.
24

7.
24

7.
25

7.
25

7.
25

7.
26

7.
27

  
Compound 16 13C NMR
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Compound 17 1H NMR 
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Compound 17 13C NMR 
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Compound 18 1H NMR 
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Compound 18 13C NMR 
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Compound 19 1H NMR 
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Compound 19 13C NMR 
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S22

Compound 19 19F NMR

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010
f1 (ppm)
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Compound 20 1H NMR
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Compound 20 13C NMR 
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Compound 21 1H NMR 
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Compound 21 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240
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Compound 22 1H NMR 
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Compound 23 1H NMR
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Compound 24 1H NMR 
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Compound 25 1H NMR 
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Compound 26 1H NMR 
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Compound 42 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

9.
31

4.
18

2.
00

3.
13

1.
33

2.
72

2.
72

2.
73

2.
74

2.
74

2.
74

2.
75

2.
75

2.
76

2.
77

2.
77

2.
78

2.
78

2.
79

2.
80

5.
92

6.
65

6.
65

6.
67

6.
67

6.
71

6.
71

6.
73

6.
75

7.
26

 

Compound 42 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240

f1 (ppm)

30
.3

5
31

.1
0

36
.2

1
42

.2
6

76
.8

4
77

.1
6 

C
D

C
l3

77
.1

6
77

.4
8

10
0.

94

10
8.

32
10

8.
97

12
1.

35

13
4.

90

14
6.

07
14

7.
70



S46

Compound 43 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)

2.
15

2.
08

2.
00

3.
08

4.
12

2.
81

2.
83

2.
83

2.
85

3.
08

3.
09

3.
10

3.
10

3.
12

5.
92

6.
62

6.
62

6.
64

6.
64

6.
67

6.
67

6.
73

6.
75

7.
26

 

Compound 43 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240

f1 (ppm)

35
.3

1
35

.6
6

76
.8

4
77

.1
6 

C
D

C
l3

77
.1

6
77

.4
8

10
0.

96
10

8.
32

10
8.

96

12
1.

47
12

9.
07

13
0.

59
13

1.
96

13
3.

73
13

4.
97

14
6.

22
14

7.
74



S47

Compound 44 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
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Compound 44 13C NMR
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Compound 45 1H NMR 
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Compound 45 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240250
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Compound 46 1H NMR 
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Compound 46 13C NMR 
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Compound 47 1H NMR 
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Compound 47 13C NMR 
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Compound 48 1H NMR 
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f1 (ppm)

3.
04

25
.9
2

2.
10

2.
93

2.
00

0.
86

0.
88

0.
89

1.
26

1.
27

1.
28

1.
28

1.
30

1.
31

1.
31

1.
32

1.
33

1.
33

1.
33

1.
59

1.
60

1.
61

1.
62

1.
63

2.
04

4.
04

4.
05

4.
06

7.
26

 

Compound 48 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240250

f1 (ppm)
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Compound 49 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
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Compound 49 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240
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Compound 50 1H NMR 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Compound 50 13C NMR 
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Compound 51 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Compound 51 13C NMR 
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Compound 51 19F NMR 

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)
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Compound 52 1H NMR 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
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Compound 53 1H NMR 

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
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Compound 54 1H NMR 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Compound 55 1H NMR
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Compound 55 19F NMR 

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)
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Compound 56 1H NMR 
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Compound 56 13C NMR 

-50-40-30-20-100102030405060708090100110120130140150160170180190200210220230240

f1 (ppm)
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Compound 56 19F NMR 

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)
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Compound 58 1H NMR

-2.0-1.5-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
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Compound 59 1H NMR

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0

f1 (ppm)
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Compound 60 1H NMR
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