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Section 1 HPLC data
Table S1-1. HPLC Data for compound 1

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: Me Integration Purity (%)
0.82 100 232550 98.36

Mobile Phase
Gradient 
program: 1.27 100 3868 1.64
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 300 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00
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RT: 0.82
MA: 232550

RT: 1.27
MA: 3868

NL:
8.69E4
UV_VIS_3  
UV 3 734

Table S1-2. HPLC Data for compound 8

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.81 100 60361 99.28

Mobile Phase
Gradient 
program: 1.27 100 439 0.72
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 254 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 9.99
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RT: 0.81
MA: 60361

RT: 1.27
MA: 439

NL:
2.90E4
UV_VIS_1  
UV 
LYX-
548_220112
101232
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Table S1-3. HPLC Data for compound 49

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.832 100 237226 99.17

Mobile Phase
Gradient 
program: 1.04 100 1980 0.83
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 300 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00
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RT: 0.82
MA: 237226

RT: 1.04
MA: 1980

NL:
9.04E4
UV_VIS_3  
UV 3 549

Table S1-4. HPLC Data for compound 14

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 68023 97.66

Mobile Phase
Gradient 
program: 1.26 100 1628 2.34
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 278 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00
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RT: 0.82
MA: 68023

RT: 1.26
MA: 1628

NL:
3.21E4
UV_VIS_4  
UV 4 
LYX-
528_220112
104604



S5

Table S1-5. HPLC Data for compound 13b

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 288482 99.17

Mobile Phase
Gradient 
program: 0.96 100 2419 0.83
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 300 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00

0 1 2 3 4 5 6 7 8 9 10
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RT: 0.82
MA: 288482

RT: 0.96
MA: 2419

NL:
1.03E5
UV_VIS_3  
UV 3 817

Table S1-6. HPLC Data for compound 13a

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 272722 98.97

Mobile Phase
Gradient 
program: 0.98 100 2851 1.03
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 300 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00
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RT: 0.82
MA: 272722

RT: 0.98
MA: 2851

NL:
1.03E5
UV_VIS_3  
UV 3 792
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Table S1-7. HPLC Data for compound 1-epi-1

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 370343 99.03

Mobile Phase
Gradient 
program: 0.94 100 3626 0.97
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 300 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 9.98
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RT: 0.82
MA: 370343

RT: 0.94
MA: 3626

NL:
1.33E5
UV_VIS_3  
UV 3 538

Table S1-8. HPLC Data for compound 1-epi-8

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 299542 98.25

Mobile Phase
Gradient 
program: 1.04 100 5350 1.75
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 254 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 9.98
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RT: 0.82
MA: 299542

RT: 1.04
MA: 5350

NL:
9.60E4
UV_VIS_1  
UV 
LYX-
786_220112
102341
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Table S1-9. HPLC Data for compound 21

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 257357 99.46

Mobile Phase
Gradient 
program: 0.98 100 1395 0.54
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 300 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00
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RT: 0.82
MA: 257357

RT: 0.98
MA: 1395

NL:
9.33E4
UV_VIS_3  
UV 3 535

Table S1-10. HPLC Data for compound 37

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.82 100 293729 99.52

Mobile Phase
Gradient 
program: 1.04 100 1409 0.48
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 254 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 10.00

0 1 2 3 4 5 6 7 8 9 10
Time (min)
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RT: 0.82
MA: 293729

RT: 1.04
MA: 1409

NL:
9.54E4
UV_VIS_1  
UV 
LYX-
714_220112
111931
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Table S1-11. HPLC Data for compound 36

Instrument Orbitrap Fusion Lumos
Column ACQUITY UPLC  BEH C18 1.7 m; 2.1×100 mm Column○R

Time (min) A%: MeCN Integration Purity (%)
0.15 100 54 1.28
0.43 100 10 0.24

Mobile Phase
Gradient 
program:

0.84 100 4149 98.48
Stop time 10 min
Post time OFF
Flow rate 0.3 mL/min
UV detector Detection 540 nm
Conc. 1.0×10-3 moL/L
RT: 0.00 - 9.99
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RT: 0.84
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NL:
2.18E3
UV_VIS_2  
UV 2 
LYX744_22
0112114154



S9

Compound 15: 
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NAME                lyx
EXPNO                43
PROCNO                1
Date_          20150824
Time              16.06
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  119
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                301.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-508b-C13

N

BnO OBn
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Compound 16: 
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NAME                lyx
EXPNO                47
PROCNO                1
Date_          20150929
Time              17.21
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  142
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-511b-C13

N

BnO OBn
OBn

O Cbz

16

N

BnO OBn
OBn

O Cbz

16



S12

N

BnO OBn
OBn

O Cbz

16

N

BnO OBn
OBn

O Cbz

16



S13

Compound 17: 
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NAME                lyx
EXPNO                63
PROCNO                1
Date_          20151009
Time              17.15
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  279
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.1 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-513-C13

N

BnO OBn
OBn

OH Cbz
EtOOC

F F

17

N

BnO OBn
OBn

OH Cbz
EtOOC

F F

17



S14
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NAME                lyx
EXPNO                64
PROCNO                1
Date_          20151009
Time              17.34
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                  148
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.1 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-513-dept135
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Compound 18a: 

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME                lyx
EXPNO                73
PROCNO                1
Date_          20151016
Time              15.46
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  126
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.1 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Compound 18b: 
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NAME                lyx
EXPNO                78
PROCNO                1
Date_          20151016
Time              16.20
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                  101
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.1 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-516b-dept135
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Compound 19: 
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NAME                lyx
EXPNO               104
PROCNO                1
Date_          20151103
Time              16.09
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  151
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-525-C13

30405060708090100110120130140 ppm
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NAME                lyx
EXPNO               105
PROCNO                1
Date_          20151103
Time              16.18
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                   69
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.2 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Compound 20: 
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NAME                lyx
EXPNO               118
PROCNO                1
Date_          20151105
Time              17.25
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   77
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-529-C13

50556065707580859095100105110115120125130135 ppm
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NAME                lyx
EXPNO               119
PROCNO                1
Date_          20151105
Time              17.31
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                   50
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.2 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Compound 14: 
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NAME                lyx
EXPNO               109
PROCNO                1
Date_          20151105
Time              10.28
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT             D2O
NS                  166
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-528-C13
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NAME                19F
EXPNO                95
PROCNO                1
Date_          20151109
Time              23.28
INSTRUM           spect
PROBHD   5 mm PATBO BB-
PULPROG        zgfhigqn
TD                65536
SOLVENT             D2O
NS                   16
DS                    0
SWH           56497.176 Hz
FIDRES         0.862078 Hz
AQ            0.5800524 sec
RG                 1024
DW                8.850 usec
DE                12.64 usec
TE                298.6 K
D1           2.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                19F
P1                23.50 usec
PL1                0.00 dB
PL1W        25.11886406 W
SFO1        564.6299194 MHz

======== CHANNEL f2 ========
CPDPRG2         waltz16
NUC2                 1H
PCPD2             70.00 usec
PL2               -0.60 dB
PL12              14.72 dB
SFO2        600.1324005 MHz
SI                65536
SF          564.6863880 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00

ppm

2.02.53.03.54.04.55.0 ppm

2.0

2.5

3.0

3.5

4.0

4.5

5.0

528-COSY

H1
H8aH6

H3
H5

H8 H7H3 H5

N

HO OH
OH

H

F
F

14

HO

N

HO OH
OH

H

F
F

14

HO



S28

ppm

2.02.53.03.54.04.5 ppm

50

55

60

65

70

75

80

528-HSQCETGP

N

HO OH
OH

H

F
F

14

HO

N

HO OH
OH

H

F
F

14

HO



S29

Compound 21: 
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NAME                lyx
EXPNO               124
PROCNO                1
Date_          20151109
Time              10.00
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT             D2O
NS                  170
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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NAME            lyx-536
EXPNO               151
PROCNO                1
Date_          20151111
Time              21.30
INSTRUM           spect
PROBHD   5 mm PATBO BB-
PULPROG       noesyphpr
TD                 2048
SOLVENT             D2O
NS                    8
DS                   16
SWH            6009.615 Hz
FIDRES         2.934382 Hz
AQ            0.1705268 sec
RG                   57
DW               83.200 usec
DE                 6.50 usec
TE                298.0 K
D0           0.00006792 sec
D1           1.50000000 sec
D8           0.60000002 sec
D11          0.03000000 sec
D12          0.00002000 sec
D13          0.00000400 sec
IN0          0.00016640 sec

======== CHANNEL f1 ========
NUC1                 1H
P1                12.00 usec
PL1               -0.60 dB
PL9               57.82 dB
SFO1        600.1328176 MHz
ND0                   1
TD                  256
SFO1           600.1328 MHz
FIDRES        23.475039 Hz
SW               10.014 ppm
FnMODE      States-TPPI
SI                 1024
SF          600.1300000 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
PC                 1.40
SI                 1024
MC2         States-TPPI
SF          600.1300000 MHz
WDW               QSINE
SSB                   2
LB                 0.00 Hz
GB                    0
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Compound 22: 
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NAME                lyx
EXPNO                56
PROCNO                1
Date_          20151009
Time              16.40
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   91
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-512d-C13
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NAME                lyx
EXPNO                57
PROCNO                1
Date_          20151009
Time              16.48
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                   71
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.1 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Compound 23: 
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NAME                lyx
EXPNO                69
PROCNO                1
Date_          20151016
Time              15.36
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   50
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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NAME                lyx
EXPNO                70
PROCNO                1
Date_          20151016
Time              15.39
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                   26
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.1 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-517-dept135
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Compound 24: 

N

BnO OBn
OBn

Cbz

HO
H

24

N

BnO OBn
OBn

Cbz

HO
H

24



S38

35404550556065707580859095100105110115120125130135 ppm

3
9
.
0
9

5
8
.
9
7

6
7
.
5
2

6
9
.
9
9

7
0
.
8
7

7
1
.
7
7

7
2
.
8
3

7
3
.
3
3

7
7
.
3
8

1
1
8
.
2
8

1
2
7
.
5
6

1
2
7
.
8
7

1
2
7
.
9
6

1
2
7
.
9
9

1
2
8
.
0
2

1
2
8
.
3
7

1
2
8
.
4
9

1
2
8
.
5
9

1
3
4
.
7
4

NAME                lyx
EXPNO                98
PROCNO                1
Date_          20151028
Time              16.15
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                  102
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.2 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40
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Compound 25: 
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Compound 28a: 
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Compound 29a: 
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Compound 30: 
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Compound 31: 
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Compound 34a: 
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Compound 34b: 
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Compound 34c: 
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Compound 38a: 
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Compound 38b: 
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Compound 38c: 
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Compound 35a: 
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Compound 35b: 
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Compound 39a: 
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Compound 39b: 
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Compound 36: 
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NAME           19F-2018
EXPNO                 3
PROCNO                1
Date_          20180530
Time               9.48
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG      zgfhigqn.2
TD                32768
SOLVENT             D2O
NS                   16
DS                    0
SWH           89285.711 Hz
FIDRES         2.724784 Hz
AQ            0.1835508 sec
RG               206.33
DW                5.600 usec
DE                 6.50 usec
TE                301.9 K
D1           1.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        376.5416137 MHz
NUC1                19F
P1                14.50 usec
SI                65536
SF          376.6018700 MHz
WDW                  EM
SSB                   0
LB                 3.00 Hz
GB                    0
PC                 1.00

19F NMR
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Compound 37: 
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EXPNO               103
PROCNO                1

lyx-714

N

HO OH
OH

H
HO

F

37

N

HO OH
OH

H
HO

F

37



S80

ppm

2.02.53.03.54.04.55.0 ppm

2.0

2.5

3.0

3.5

4.0

4.5

5.0

NOESY  NMR
lyx-714

-60 -80 -100 -120 -140 -160 -180 -200 -220 -240 ppm

-
1
9
1
.
4
6
5

NAME           19F-2018
EXPNO                 4
PROCNO                1
Date_          20180530
Time               9.51
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG      zgfhigqn.2
TD                32768
SOLVENT             D2O
NS                   16
DS                    0
SWH           89285.711 Hz
FIDRES         2.724784 Hz
AQ            0.1835508 sec
RG               206.33
DW                5.600 usec
DE                 6.50 usec
TE                301.7 K
D1           1.00000000 sec
D11          0.03000000 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        376.5416137 MHz
NUC1                19F
P1                14.50 usec
SI                65536
SF          376.6018700 MHz
WDW                  EM
SSB                   0
LB                 3.00 Hz
GB                    0
PC                 1.00

19F NMR
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Compound 13a: 
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Compound 13b: 
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NAME           NOE-2019
EXPNO                 1
PROCNO                1
Date_          20191106
Time               8.58 h
INSTRUM          Avance
PROBHD   Z124704_0003 (
PULPROG            zg30
TD                65536
SOLVENT         H2O+D2O
NS                    8
DS                    0
SWH           11904.762 Hz
FIDRES         0.363304 Hz
AQ            2.7525620 sec
RG                   75
DW               42.000 usec
DE                11.43 usec
TE                298.0 K
D1           1.00000000 sec
TD0                   1
SFO1        600.1337058 MHz
NUC1                 1H
P0                 5.00 usec
P1                15.00 usec
SI                65536
SF          600.1299471 MHz
WDW                  EM
SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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Compound 41: 
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Compound 42: 
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Compound 1-epi-1: 
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NAME                lyx
EXPNO               142
PROCNO                1
Date_          20151111
Time              16.26
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   58
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-538-C13

102030405060708090100110120130140 ppm
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NAME                lyx
EXPNO               143
PROCNO                1
Date_          20151111
Time              16.31
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                   33
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.2 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-538-dept135
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Compound 1: 
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Compound 43: 
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Compound 44: 
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Compound 45: 
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NAME                lyx
EXPNO               152
PROCNO                1
Date_          20151202
Time              17.17
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                   72
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-540-C13

2030405060708090100110120130140 ppm
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NAME                lyx
EXPNO               153
PROCNO                1
Date_          20151202
Time              17.22
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG       deptsp135
TD                65536
SOLVENT           CDCl3
NS                   42
DS                    4
SWH           12077.295 Hz
FIDRES         0.184285 Hz
AQ            2.7132404 sec
RG               209.09
DW               41.400 usec
DE                 6.50 usec
TE                298.2 K
CNST2       145.0000000
D1           2.00000000 sec
D2           0.00344828 sec
D12          0.00002000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4737856 MHz
NUC1                13C
P1                11.00 usec
P13             2000.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-540-dept135
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Compound 46: 
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NAME                lyx
EXPNO               156
PROCNO                1
Date_          20151203
Time              11.09
INSTRUM           spect
PROBHD   5 mm DUL 13C-1
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                  259
DS                    4
SWH           18028.846 Hz
FIDRES         0.275098 Hz
AQ            1.8175818 sec
RG               209.09
DW               27.733 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1         75.4752949 MHz
NUC1                13C
P1                11.00 usec
SI                32768
SF           75.4677485 MHz
WDW                  EM
SSB                   0
LB                 1.00 Hz
GB                    0
PC                 1.40

lyx-539-Db-C13
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Compound 47: 
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Compound 48: 
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Compound 8: 
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Compound 1-epi-8: 
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Compound 49: 
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