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I. Growth Inhibitory Activity of 1, 2, and 16 against 39 Human Cancer Cell Lines 
  This assay was performed by Screening Committee of Anticancer Drugs supported by Grant-in-Aid for 
Scientific Research on Innovative Areas “Platform of Advanced Animal Model Support” (No. 16H06276) 
from the Japanese government (Monbukagakusho: MEXT). 

 
a M. Kikumori, R. C. Yanagita, H. Tokuda, N. Suzuki, H. Nagai, K. Suenaga, and K. Irie, J. Med. Chem., 2012, 55, 5614. 

Cancer cell line 1a 2 16
Breast HBC-4 –7.48 –6.26 –5.88

BSY-1 –4.91 > –5.00 –4.74
HBC-5 –4.82 > –5.00 –4.59
MCF-7 –4.84 –5.01 –4.59
MDA-MB-231 –6.90 –5.10 –4.95

CNS U251 –4.79 > –5.00 –4.69
SF-268 –4.83 > –5.00 –4.72
SF-295 –4.98 –5.50 –4.96
SF-539 –4.88 –5.51 –4.95
SNB-75 –4.92 > –5.00 –4.76
SNB-78 –6.05 > –5.00 –4.60

Colon HCC2998 –6.47 –5.56 –5.17
KM-12 –4.82 > –5.00 –4.71
HT-29 –4.81 > –5.00 –4.70
HCT-15 –4.87 –5.26 –4.79
HCT-116 –4.89 > –5.00 –4.70

Lung NCI-H23 –4.87 > –5.00 –4.71
NCI-H226 –6.15 –5.31 –4.80
NCI-H522 –4.86 > –5.00 –4.66
NCI-H460 –7.07 –6.12 –5.69
A549 –6.01 –5.40 –5.20
DMS273 –4.88 > –5.00 –4.90
DMS114 –5.05 > –5.00 –4.74

Melanoma LOX-IMVI –6.21 > –5.00 –4.75
Ovarian OVCAR-3 –4.88 > –5.00 –4.66

OVCAR-4 –4.77 > –5.00 –4.52
OVCAR-5 –4.92 > –5.00 –4.91
OVCAR-8 –4.75 > –5.00 –4.47
SK-OV-3 –4.88 > –5.00 –4.69

Renal RXF-631L –4.84 > –5.00 –4.64
ACHN –4.94 > –5.00 –4.78

Stmach St-4 –6.24 –5.96 –5.33
MKN1 –4.87 > –5.00 –4.84
MKN-B –4.80 > –5.00 –4.69
MKN-A –4.82 > –5.00 –4.76
MKN45 –4.97 –6.00 –5.62
MKN74 –4.68 –5.08 –4.86

Prostate DU-145 –4.82 > –5.00 –4.61
PC-3 –4.94 –5.13 –4.83

log GI50 (M)
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II. 1H, 13C, and 2-D NMR Spectra of 2, 16, 14, and 15 
1H NMR spectrum of 2 (500 MHz, 295.0 K, CDCl3, 0.0026 M) 

 
13C NMR spectrum of 2 (125 MHz, 298.0 K, CDCl3, 0.0026 M) 
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          500.1300123 MHz
SI                32768
SFO1        500.1330885 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               48.400 usec
RG                  228
AQ            3.1719923 sec
FIDRES         0.157632 Hz
SWH           10330.578 Hz
DS                    2
NS                   80
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.48
Date_          20161221
PROCNO                1
EXPNO               100
NAME          hayakawa1

306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577839 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                  40
D11          0.03000000 sec
D1           2.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               16.000 usec
RG                  724
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                38205
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               5.22
Date_          20161223
PROCNO                1
EXPNO                95
NAME          hayakawa1

306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
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COSY spectrum of 2 (500 MHz, 295.0 K, CDCl3, 0.0026 M) 

 
NOESY spectrum of 2 (500 MHz, 295.0 K, CDCl3, 0.0026 M) 
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GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          500.1300123 MHz
MC2                  QF
SI                 1024
PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          500.1300123 MHz
SI                 1024
FnMODE               QF
SW               12.016 ppm
FIDRES        11.737530 Hz
SFO1            500.132 MHz
TD                  512
ND0                   1
P16             1000.00 usec
GPZ1              10.00 %
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
P0                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00016640 sec
D16          0.00020000 sec
D13          0.00000400 sec
D1           1.48689198 sec
D0           0.00000300 sec
TE                295.0 K
DE                 6.50 usec
DW               83.200 usec
RG                 1440
AQ            0.1704436 sec
FIDRES         2.934382 Hz
SWH            6009.615 Hz
DS                    8
NS                    8
SOLVENT           CDCl3
TD                 2048
PULPROG        cosygpqf
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              12.59
Date_          20161222
PROCNO                1
EXPNO                98
NAME          hayakawa1

306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
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GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300123 MHz
MC2         States−TPPI
SI                 1024
PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300123 MHz
SI                 1024
FnMODE      States−TPPI
SW               12.016 ppm
FIDRES        23.475060 Hz
SFO1            500.132 MHz
TD                  256
ND0                   1
SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00016640 sec
D8           0.80000001 sec
D1           2.00000000 sec
D0           0.00006792 sec
TE                295.0 K
DE                 6.50 usec
DW               83.200 usec
RG                  128
AQ            0.1704436 sec
FIDRES         2.934382 Hz
SWH            6009.615 Hz
DS                    4
NS                   64
SOLVENT           CDCl3
TD                 2048
PULPROG         noesyph
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              14.58
Date_          20161222
PROCNO                1
EXPNO                99
NAME          hayakawa1

306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
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HSQC spectrum of 2 (1H: 500 MHz, 295.0 K, CDCl3, 0.0026 M) 

 

HMBC spectrum of 2 (1H: 500 MHz, 296.0 K, CDCl3, 0.0026 M) 
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SW              250.000 ppm
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ND0                   2
P19              600.00 usec
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GPZ3              11.00 %
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GPZ1              80.00 %
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GPNAM2         SINE.100
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO2        125.7703648 MHz
PL12W        2.72298241 W
PL2W       179.90565491 W
PL12              14.90 dB
PL2               −3.30 dB
PCPD2             65.00 usec
P4                16.00 usec
P3                 8.00 usec
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CPDPRG2            garp
======== CHANNEL f2 ========

SFO1        500.1320000 MHz
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NUC1                 1H
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ZGOPTNS
IN0          0.00001590 sec
D24          0.00086207 sec
D16          0.00020000 sec
D13          0.00000400 sec
D11          0.03000000 sec
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CNST2       145.0000000
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FIDRES         5.868765 Hz
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SOLVENT           CDCl3
TD                 1024
PULPROG     hsqcetgpsi2
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              15.59
Date_          20161221
PROCNO                1
EXPNO                96
NAME          hayakawa1

306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
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====== GRADIENT CHANNEL =====

SFO2        125.7703443 MHz
PL2W       179.90565491 W
PL2               −3.30 dB
P3                 8.00 usec
NUC2                13C
======== CHANNEL f2 ========

SFO1        500.1320000 MHz
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SOLVENT           CDCl3
TD                 4096
PULPROG    hmbcgplpndqf
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.42
Date_          20161221
PROCNO                1
EXPNO                97
NAME          hayakawa1

306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
306−119−1 0.4 mg/0.3 mL CDCL3, ref. TMS, 295 K
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          500.1300123 MHz
SI                32768
SFO1        500.1330885 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               48.400 usec
RG                  101
AQ            3.1719923 sec
FIDRES         0.157632 Hz
SWH           10330.578 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.19
Date_          20161206
PROCNO                1
EXPNO                79
NAME          hayakawa1

306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577849 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                   8
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.0 K
DE                 6.50 usec
DW               16.000 usec
RG                  724
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                 2399
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.30
Date_          20161206
PROCNO                1
EXPNO                80
NAME          hayakawa1

306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K

1H NMR spectrum of 16 (500 MHz, 295.0 K, CDCl3, 0.017 M) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

13C NMR spectrum of 16 (125 MHz, 296.0 K, CDCl3, 0.017 M) 
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COSY spectrum of 16 (500 MHz, 295.0 K, CDCl3, 0.017 M) 

 
NOESY spectrum of 16 (500 MHz, 295.0 K, CDCl3, 0.017 M) 
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GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          500.1300123 MHz
MC2                  QF
SI                 1024
PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          500.1300123 MHz
SI                 1024
FnMODE               QF
SW               12.016 ppm
FIDRES        23.475060 Hz
SFO1            500.132 MHz
TD                  256
ND0                   1
P16             1000.00 usec
GPZ1              10.00 %
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
P0                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00016640 sec
D16          0.00020000 sec
D13          0.00000400 sec
D1           1.48689198 sec
D0           0.00000300 sec
TE                295.0 K
DE                 6.50 usec
DW               83.200 usec
RG                  322
AQ            0.1704436 sec
FIDRES         2.934382 Hz
SWH            6009.615 Hz
DS                    8
NS                    8
SOLVENT           CDCl3
TD                 2048
PULPROG        cosygpqf
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               3.29
Date_          20161207
PROCNO                1
EXPNO                83
NAME          hayakawa1

306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
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GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300123 MHz
MC2         States−TPPI
SI                 1024
PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300123 MHz
SI                 1024
FnMODE      States−TPPI
SW               12.016 ppm
FIDRES        23.475060 Hz
SFO1            500.132 MHz
TD                  256
ND0                   1
SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00016640 sec
D8           0.80000001 sec
D1           2.00000000 sec
D0           0.00006792 sec
TE                295.0 K
DE                 6.50 usec
DW               83.200 usec
RG                   64
AQ            0.1704436 sec
FIDRES         2.934382 Hz
SWH            6009.615 Hz
DS                    4
NS                   16
SOLVENT           CDCl3
TD                 2048
PULPROG         noesyph
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time               4.27
Date_          20161207
PROCNO                1
EXPNO                84
NAME          hayakawa1

306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
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HSQC spectrum of 16 (1H: 500 MHz, 298.0 K, CDCl3, 0.017 M) 

 
HMBC spectrum of 16 (1H: 500 MHz, 296.0 K, CDCl3, 0.017 M) 

 

GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          125.7577849 MHz
MC2       echo−antiecho
SI                 1024
PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300123 MHz
SI                 1024
FnMODE    Echo−Antiecho
SW              250.000 ppm
FIDRES       122.822624 Hz
SFO1           125.7704 MHz
TD                  256
ND0                   2
P19              600.00 usec
P16             1000.00 usec
GPZ4              −5.00 %
GPZ3              11.00 %
GPZ2              20.10 %
GPZ1              80.00 %
GPNAM4         SINE.100
GPNAM3         SINE.100
GPNAM2         SINE.100
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO2        125.7703648 MHz
PL12W        2.72298241 W
PL2W       179.90565491 W
PL12              14.90 dB
PL2               −3.30 dB
PCPD2             65.00 usec
P4                16.00 usec
P3                 8.00 usec
NUC2                13C
CPDPRG2            garp
======== CHANNEL f2 ========

SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P28                0.00 usec
P2                24.00 usec
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

ZGOPTNS
IN0          0.00001590 sec
D24          0.00086207 sec
D16          0.00020000 sec
D13          0.00000400 sec
D11          0.03000000 sec
D4           0.00172414 sec
D1           1.50000000 sec
D0           0.00000300 sec
CNST2       145.0000000
TE                298.0 K
DE                 6.50 usec
DW               83.200 usec
RG                 1290
AQ            0.0852468 sec
FIDRES         5.868765 Hz
SWH            6009.615 Hz
DS                   16
NS                   32
SOLVENT           CDCl3
TD                 1024
PULPROG     hsqcetgpsi2
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.33
Date_          20161206
PROCNO                1
EXPNO                81
NAME          hayakawa1

306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
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GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          125.7577849 MHz
MC2                  QF
SI                 1024
PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          500.1300123 MHz
SI                 2048
FnMODE               QF
SW              250.000 ppm
FIDRES       122.822601 Hz
SFO1           125.7703 MHz
TD                  256
ND0                   2
P16             1000.00 usec
GPZ3              40.10 %
GPZ2              30.00 %
GPZ1              50.00 %
GPNAM3         SINE.100
GPNAM2         SINE.100
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO2        125.7703443 MHz
PL2W       179.90565491 W
PL2               −3.30 dB
P3                 8.00 usec
NUC2                13C
======== CHANNEL f2 ========

SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P2                24.00 usec
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00001590 sec
D16          0.00020000 sec
D6           0.05000000 sec
D2           0.00344828 sec
D1           1.50000000 sec
D0           0.00000300 sec
CNST13       10.0000000
CNST2       145.0000000
TE                296.0 K
DE                 6.50 usec
DW               76.800 usec
RG                 2050
AQ            0.3146228 sec
FIDRES         1.589457 Hz
SWH            6510.417 Hz
DS                   16
NS                   32
SOLVENT           CDCl3
TD                 4096
PULPROG    hmbcgplpndqf
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              23.12
Date_          20161206
PROCNO                1
EXPNO                82
NAME          hayakawa1

306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
306−116−1 4.3 mg/0.5 mL CDCL3, ref. TMS, 297 K
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577849 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                   7
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.0 K
DE                 6.50 usec
DW               16.000 usec
RG                  724
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                 7000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.28
Date_          20161205
PROCNO                1
EXPNO                78
NAME          hayakawa1

306−111−1 and 3, 0.7 mg/0.3 mL CDCL3, ref. TMS, 297 K

1H NMR spectrum of 14 (500 MHz, 295.0 K, CDCl3, 0.0034 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13C NMR spectrum of 14 (125 MHz, 297.0 K, CDCl3, 0.0034 M) 
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          500.1300128 MHz
SI                32768
SFO1        500.1330885 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               48.400 usec
RG                  181
AQ            3.1719923 sec
FIDRES         0.157632 Hz
SWH           10330.578 Hz
DS                    2
NS                   43
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.15
Date_          20161205
PROCNO                1
EXPNO                74
NAME          hayakawa1

306−111−1 and 3, 0.7 mg/0.3 mL CDCL3, ref. TMS, 297 K
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NOESY spectrum of 14 (500 MHz, 295.0 K, CDCl3, 0.0034 M) 
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GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300128 MHz
MC2         States−TPPI
SI                 1024
PC                 0.10
GB                    0
LB                 0.00 Hz
SSB                   2
WDW               QSINE
SF          500.1300128 MHz
SI                 1024
FnMODE      States−TPPI
SW               12.016 ppm
FIDRES        23.475060 Hz
SFO1            500.132 MHz
TD                  256
ND0                   1
SFO1        500.1320000 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00016640 sec
D8           0.80000001 sec
D1           2.00000000 sec
D0           0.00006792 sec
TE                296.0 K
DE                 6.50 usec
DW               83.200 usec
RG                  128
AQ            0.1704436 sec
FIDRES         2.934382 Hz
SWH            6009.615 Hz
DS                    4
NS                   32
SOLVENT           CDCl3
TD                 2048
PULPROG         noesyph
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              22.57
Date_          20161205
PROCNO                1
EXPNO                76
NAME          hayakawa1

306−111−1 and 3, 0.7 mg/0.3 mL CDCL3, ref. TMS, 297 K
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577843 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                  10
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.0 K
DE                 6.50 usec
DW               16.000 usec
RG                  575
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                10000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              17.48
Date_          20161124
PROCNO                1
EXPNO                63
NAME          hayakawa1

306−107−1 2.6 mg/0.5 mL CDCL3, ref. TMS, 295 K

1H NMR spectrum of 15 (500 MHz, 295.0 K, CDCl3, 0.0076 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13C NMR spectrum of 15 (125 MHz, 297.0 K, CDCl3, 0.0076 M) 
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306−107−1 2.6 mg/0.5 mL CDCL3, ref. TMS, 295 K
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NOESY spectrum of 15 (500 MHz, 295.0 K, CDCl3, 0.010 M) 
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III. 1H and 13C NMR Spectra of Other Intermediates 
1H NMR spectrum of 5 (500 MHz, 295.0 K, CDCl3, 0.043 M) 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR spectrum of 5 (125 MHz, 297.0 K, CDCl3, 0.043 M) 
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1H NMR spectrum of 7 (500 MHz, 295.0 K, CDCl3, 0.022 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

13C NMR spectrum of 7 (125 MHz, 296.0 K, CDCl3, 0.022 M) 
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SSB                   0
WDW                  EM
SF          500.1300126 MHz
SI                32768
SFO1        500.1330885 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               48.400 usec
RG                  161
AQ            3.1719923 sec
FIDRES         0.157632 Hz
SWH           10330.578 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.15
Date_          20161004
PROCNO                1
EXPNO                24
NAME          hayakawa1

306−79−1 3.4 mg/CDCl3 0.5 mL  ref. TMS

 

1H NMR spectrum of 9 (500 MHz, 295.0 K, CDCl3, 0.0063 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13C NMR spectrum of 9 (125 MHz, 296.0 K, CDCl3, 0.0063 M) 
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577844 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                  10
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.0 K
DE                 6.50 usec
DW               16.800 usec
RG                  724
AQ            1.1010548 sec
FIDRES         0.454131 Hz
SWH           29761.904 Hz
DS                    4
NS                10000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              16.31
Date_          20161004
PROCNO                1
EXPNO                25
NAME          hayakawa1

306−79−1 3.4 mg/CDCl3 0.5 mL  ref. TMS
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PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          500.1300146 MHz
SI                32768
SFO1        500.1330885 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               48.400 usec
RG                  101
AQ            3.1719923 sec
FIDRES         0.157632 Hz
SWH           10330.578 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.39
Date_          20161017
PROCNO                1
EXPNO                34
NAME          hayakawa1

306−85−1 15.7 mg/CDCl3 0.5 mL  ref. TMS
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577849 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                   8
D11          0.03000000 sec
D1           2.00000000 sec
TE                297.0 K
DE                 6.50 usec
DW               16.000 usec
RG                 1150
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                 8000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.53
Date_          20161017
PROCNO                1
EXPNO                35
NAME          hayakawa1

306−85−1 15.7 mg/CDCl3 0.5 mL  ref. TMS

1H NMR spectrum of 10 (500 MHz, 295.0 K, CDCl3, 0.032 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

13C NMR spectrum of 10 (125 MHz, 297.0 K, CDCl3, 0.032 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S16 
 

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

−
0
.
0
1

0
.
0
0

0
.
0
1

0
.
0
2

0
.
0
3

0
.
0
7

0
.
5
4

0
.
5
5

0
.
5
6

0
.
5
7

0
.
5
7

0
.
5
7

0
.
5
8

0
.
5
9

0
.
8
3

0
.
8
4

0
.
8
6

0
.
8
7

0
.
8
8

0
.
8
9

0
.
9
2

0
.
9
3

0
.
9
4

0
.
9
5

0
.
9
6

1
.
0
6

1
.
0
8

1
.
2
4

1
.
2
5

1
.
2
6

1
.
2
7

1
.
3
8

1
.
3
9

1
.
4
0

1
.
4
0

1
.
4
3

1
.
5
5

1
.
5
6

1
.
5
7

1
.
5
7

1
.
5
9

1
.
6
0

1
.
6
1

1
.
6
3

2
.
0
5

2
.
4
4

2
.
4
5

2
.
4
5

2
.
4
6

2
.
5
7

2
.
5
8

2
.
5
8

2
.
5
9

2
.
6
0

2
.
6
1

2
.
8
0

2
.
8
4

2
.
8
6

2
.
9
3

2
.
9
3

2
.
9
7

3
.
4
6

3
.
4
6

3
.
4
7

3
.
4
7

3
.
5
4

3
.
6
0

3
.
6
1

4
.
1
1

4
.
1
3

4
.
5
5

4
.
5
5

5
.
0
5

5
.
4
5

6
.
7
7

6
.
7
8

6
.
7
9

6
.
7
9

6
.
8
2

6
.
8
2

6
.
8
3

7
.
1
6

7
.
1
8

7
.
1
9

7
.
2
6

7
.
2
8

7
.
2
8

7
.
2
9

7
.
2
9

7
.
2
9

7
.
3
0

7
.
3
0

7
.
3
1

7
.
3
1

7
.
3
2

7
.
3
2

7
.
3
2

7
.
3
3

7
.
3
3

7
.
3
4

7
.
3
4

7
.
3
5

7
.
3
6

7
.
3
7

7
.
3
8

7
.
3
8

7
.
3
9

7
.
3
9

7
.
4
3

7
.
4
5

5.
87

6.
05

13
.7

1
9.

00
6.

21

2.
93

3.
42

5.
65

1.
08

2.
08

2.
19

1.
04

0.
97

0.
84

2.
25

2.
21

1.
12

1.
04

2.
18

2.
19

1.
00

3.
08

1.
11

8.
15

1.
97

PC                 1.00
GB                    0
LB                 0.30 Hz
SSB                   0
WDW                  EM
SF          500.1300144 MHz
SI                32768
SFO1        500.1330885 MHz
PL1W        20.84865761 W
PL1                0.00 dB
P1                12.00 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1           1.00000000 sec
TE                295.0 K
DE                 6.50 usec
DW               48.400 usec
RG                 71.8
AQ            3.1719923 sec
FIDRES         0.157632 Hz
SWH           10330.578 Hz
DS                    2
NS                   16
SOLVENT           CDCl3
TD                65536
PULPROG            zg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.35
Date_          20161019
PROCNO                1
EXPNO                39
NAME          hayakawa1

306−86−1 15.9 mg/CDCl3 0.5 mL  ref. TMS
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577849 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                   8
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.0 K
DE                 6.50 usec
DW               16.000 usec
RG                  912
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                 8000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              18.49
Date_          20161019
PROCNO                1
EXPNO                40
NAME          hayakawa1

306−86−1 15.9 mg/CDCl3 0.5 mL  ref. TMS

1H NMR spectrum of 11 (500 MHz, 295.0 K, CDCl3, 0.037 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13C NMR spectrum of 11 (125 MHz, 296.0 K, CDCl3, 0.037 M) 
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PC                 1.40
GB                    0
LB                 1.00 Hz
SSB                   0
WDW                  EM
SF          125.7577849 MHz
SI                32768
SFO2        500.1320005 MHz
PL13W        0.52369457 W
PL12W        0.52369457 W
PL2W        20.84865761 W
PL13              16.00 dB
PL12              16.00 dB
PL2                0.00 dB
PCPD2             80.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        125.7703643 MHz
PL1W       179.90565491 W
PL1               −3.30 dB
P1                 8.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                  10
D11          0.03000000 sec
D1           2.00000000 sec
TE                296.0 K
DE                 6.50 usec
DW               16.000 usec
RG                 1030
AQ            1.0486259 sec
FIDRES         0.476837 Hz
SWH           31250.000 Hz
DS                    4
NS                10000
SOLVENT           CDCl3
TD                65536
PULPROG          zgpg30
PROBHD   5 mm PABBO BB−
INSTRUM           spect
Time              19.33
Date_          20161021
PROCNO                1
EXPNO                47
NAME          hayakawa1

306−88−1 14.5 mg/CDCl3 0.5 mL  ref. TMS

1H NMR spectrum of 13 (500 MHz, 295.0 K, CDCl3, 0.029 M) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13C NMR spectrum of 13 (125 MHz, 296.0 K, CDCl3, 0.029 M) 
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306−88−1 14.5 mg/CDCl3 0.5 mL  ref. TMS
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