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Table S1. Preparation of benzoyl methyl phosphates 2. 

 

R benzoyl dimethyl phosphates 9 Yield (%) benzoyl methyl phosphates 2 Yield (%) 

H 9a 87 2a 93 

4-OMe 9b 80 2b 90 

4-Me 9c 73 2c 95 

4-Cl 9d 45 2d 80 

4-CN 9e 41 2e 93 

2-OMe 9f 66 2f 68 

2-F 9g 80 2g 92 

2-Cl 9h 46 2h 95 

2-I 9i 83 2i 91 
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Figure 1. Reaction progress. 

 

 

 

 

A mixture of 1,2-phenylenediamine 1a (54.0 mg, 0.5 mmol) and benzoyl methyl phosphate 2a 

(143 mg, 0.6 mmol) in H2O (2 mL) was heated at 120 oC for 1-16 h in a sealed tube. After the 

reaction mixture was cooled, p-nitroanisole (76.6 mg, 0.5 mmol, internal standard) was added to 

the reaction mixture, which was extracted with AcOEt. The organic layer was washed with brine, 

and concentrated in vacuo. The residue was analyzed by 1H-NMR spectroscopy. 
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DFILE 1h MI38_Proton-1-1.als
COMNT single_pulse
DATIM 16-04-2013 13:31:49
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.8 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           30

single_pulse

G:\1h MI38_Proton-1-1.als
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Conversion yield was calculated by integration.  

 SM 1a Benzimidazole 3a Benzoyl 4a p-nitroanisole  

internal standard 

Signal  6.5 (Ar-H) 8.2 (Ar-H) 6.8 (Ar-H) 3.9 (-OCH3) 

Integral value 0.86 (2H) 0 (2H) 0.40 (1H) 3.00 (3H) 

Amount (mmol) 0.215 0 0.2  

Calculated ratio 43% 0% 40% 76.6 mg (0.5 mmol) 
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4 h 

PPM

8 7 6 5 4

DFILE 4h MI43_Proton-1-1.als
COMNT single_pulse
DATIM 06-06-2013 12:20:08
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         20.5 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           44

single_pulse

G:\今仁麻貴　NMR結果順\4h MI43_Proton-1-1.als
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Conversion yield was calculated by integration.  

 SM 1a Benzimidazole 3a Benzoyl 4a p-nitroanisole  

internal standard 

Signal  6.5 (Ar-H) 8.2 (Ar-H) 6.8 (Ar-H) 3.9 (-OCH3) 

Integral value 0.35 (2H) 0.49 (2H) 0.53 (1H) 3.00 (3H) 

Amount (mmol) 0.09 0.125 0.265  

Calculated ratio 18% 25% 53% 76.6 mg (0.5 mmol) 
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8 h 

PPM

8 7 6 5 4

DFILE 8h MI42_Proton-1-1.als
COMNT single_pulse
DATIM 13-05-2013 13:36:22
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.8 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           44

single_pulse

G:\今仁麻貴　NMR結果順\8h MI42_Proton-1-1.als
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Conversion yield was calculated by integration.  

 SM 1a Benzimidazole 3a Benzoyl 4a p-nitroanisole  

internal standard 

Signal  6.5 (Ar-H) 8.2 (Ar-H) 6.8 (Ar-H) 3.9 (-OCH3) 

Integral value 0.11 (2H) 1.58 (2H) 0 (1H) 3.00 (3H) 

Amount (mmol) 0.03 0.395 0  

Calculated ratio 6% 79% 0% 76.6 mg (0.5 mmol) 
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DFILE 2.17 MBP 2FT.als
COMNT 2.17 MBP 2
DATIM Fri Feb 17 14:34:39 2012
OBNUC 1H
EXMOD NON
OBFRQ       399.65 MHz
OBSET       124.00 KHz
OBFIN     11300.00 Hz
POINT        65536
FREQU      6006.01 Hz
SCANS            8
ACQTM      10.9117 sec
PD       1.0000 sec
PW1         5.50 usec
IRNUC 1H
CTEMP         24.7 c
SLVNT D2O
EXREF         4.65 ppm
BF         0.50 Hz
RGAIN           19

2.17 MBP 2

G:\imani\2.17 MBP 2FT.als
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DFILE MI-11_先生からもらったデータ使う。Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 06-03-2013 18:31:55
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         1024
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         23.7 c
SLVNT DMSO
EXREF        39.50 ppm
BF         0.12 Hz
RGAIN           60

single pulse decoupled gated NOE

H:\今仁麻貴　NMR結果順\MI-11_先生からもらったデータ使う。Carbon-1-1.als
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Filename         = M-HH5-29-1_Proton-1-5.jdf

Author           = delta

Experiment       = proton.jxp

Sample_Id        = M-HH5-29-1

Solvent          = DMSO-D6

Creation_Time    = 13-SEP-2013 16:31:03

Revision_Time    = 17-SEP-2013 18:03:03

Current_Time     = 17-SEP-2013 18:03:23

Comment          = single_pulse

Data_Format      = 1D COMPLEX

Dim_Size         = 26214

Dim_Title        = Proton

Dim_Units        = [ppm]

Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 4.36731904[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]

X_Offset         = 5[ppm]

X_Points         = 32768

X_Prescans       = 1

X_Resolution     = 0.22897343[Hz]

X_Sweep          = 7.5030012[kHz]

X_Sweep_Clipped  = 6.00240096[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Tri_Domain       = Proton

Tri_Freq         = 399.78219838[MHz]

Tri_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 8

Total_Scans      = 8

Relaxation_Delay = 5[s]

Recvr_Gain       = 38

Temp_Get         = 21.1[dC]

X_90_Width       = 9.53[us]

X_Acq_Time       = 4.36731904[s]

X_Angle          = 45[deg]

X_Atn            = 0.4[dB]

X_Pulse          = 4.765[us]

Irr_Mode         = Off

Tri_Mode         = Off

Dante_Presat     = FALSE

Initial_Wait     = 1[s]

Repetition_Time  = 9.36731904[s]
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Creation_Time    = 13-SEP-2013 16:34:55

Revision_Time    = 17-SEP-2013 18:05:29
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Data_Format      = 1D COMPLEX
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Dim_Title        = Carbon13

Dim_Units        = [ppm]

Dimensions       = X
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Spectrometer     = DELTA2_NMR
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DFILE ch3_Proton-1-1解析.als
COMNT single_pulse
DATIM 22-01-2013 14:09:54
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.3 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           42

single_pulse

G:\imani\ch3_Proton-1-1解析.als
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DFILE p-CH3新しいやつ_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 14-08-2013 19:25:47
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         3000
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         21.9 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           60

single pulse decoupled gated NOE
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DFILE cl_Proton-1-1解析.als
COMNT single_pulse
DATIM 22-01-2013 13:59:59
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.3 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           40

single_pulse
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DFILE p-Cl新しいやつ_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 14-08-2013 22:06:12
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         3000
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         22.2 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           60

single pulse decoupled gated NOE
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DFILE cn_Proton-1-1解析.als
COMNT single_pulse
DATIM 22-01-2013 14:19:43
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.4 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           40

single_pulse
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DFILE MI-CN_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 07-03-2013 00:13:37
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS          512
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         23.8 c
SLVNT DMSO
EXREF        39.50 ppm
BF         0.12 Hz
RGAIN           60

single pulse decoupled gated NOE
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DFILE MIo-OMe_Proton-1-1.als
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DATIM 07-03-2013 13:44:44
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EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         23.2 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           38

single_pulse
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DFILE o-OMeあたらしいやつ_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 15-08-2013 05:06:59
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         1024
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         22.6 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           60

single pulse decoupled gated NOE
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DFILE MI-O-F_Proton-1-1.als
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DATIM 27-06-2013 14:01:21
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EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         20.6 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           48

single_pulse
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DFILE o-F新しいやつ_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 15-08-2013 00:45:30
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         5000
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         21.7 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           60

single pulse decoupled gated NOE
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DATIM 27-06-2013 14:12:05
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EXMOD proton.jxp      
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POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         20.5 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           46
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DFILE MI-o-Cl_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 26-06-2013 20:53:12
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         1024
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         21.7 c
SLVNT DMSO
EXREF        39.50 ppm
BF         0.12 Hz
RGAIN           60

single pulse decoupled gated NOE
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Filename         = M-o-I_Proton-1-4.jdf

Author           = delta

Experiment       = proton.jxp
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Current_Time     = 20-SEP-2013 18:16:07

Comment          = single_pulse
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Dim_Title        = Proton

Dim_Units        = [ppm]

Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 4.36731904[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]

X_Offset         = 5[ppm]

X_Points         = 32768

X_Prescans       = 1

X_Resolution     = 0.22897343[Hz]

X_Sweep          = 7.5030012[kHz]

X_Sweep_Clipped  = 6.00240096[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Tri_Domain       = Proton

Tri_Freq         = 399.78219838[MHz]

Tri_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 8

Total_Scans      = 8

Relaxation_Delay = 5[s]

Recvr_Gain       = 42

Temp_Get         = 21.3[dC]

X_90_Width       = 9.53[us]

X_Acq_Time       = 4.36731904[s]

X_Angle          = 45[deg]

X_Atn            = 0.4[dB]

X_Pulse          = 4.765[us]

Irr_Mode         = Off

Tri_Mode         = Off

Dante_Presat     = FALSE

Initial_Wait     = 1[s]

Repetition_Time  = 9.36731904[s]
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EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.6 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
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DFILE HH3-84-1C.als
COMNT HH3-84-1C
DATIM Fri Mar 02 09:53:29 2012
OBNUC 13C
EXMOD BCM
OBFRQ       100.40 MHz
OBSET       125.00 KHz
OBFIN     10500.00 Hz
POINT        32768
FREQU     27118.64 Hz
SCANS          139
ACQTM       1.2083 sec
PD       1.7920 sec
PW1         4.70 usec
IRNUC 1H
CTEMP         25.1 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           24
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Filename         = M-HH5-28-1_Proton-1-4.jdf

Author           = delta

Experiment       = proton.jxp

Sample_Id        = M-HH5-28-1

Solvent          = DMSO-D6

Creation_Time    = 13-SEP-2013 18:25:18

Revision_Time    = 18-SEP-2013 15:00:11

Current_Time     = 18-SEP-2013 15:00:26

Comment          = single_pulse

Data_Format      = 1D COMPLEX

Dim_Size         = 26214

Dim_Title        = Proton

Dim_Units        = [ppm]

Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 4.36731904[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]

X_Offset         = 5[ppm]

X_Points         = 32768

X_Prescans       = 1

X_Resolution     = 0.22897343[Hz]

X_Sweep          = 7.5030012[kHz]

X_Sweep_Clipped  = 6.00240096[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Tri_Domain       = Proton

Tri_Freq         = 399.78219838[MHz]

Tri_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 8

Total_Scans      = 8

Relaxation_Delay = 5[s]

Recvr_Gain       = 38

Temp_Get         = 21.1[dC]

X_90_Width       = 9.53[us]

X_Acq_Time       = 4.36731904[s]

X_Angle          = 45[deg]

X_Atn            = 0.4[dB]

X_Pulse          = 4.765[us]

Irr_Mode         = Off

Tri_Mode         = Off

Dante_Presat     = FALSE

Initial_Wait     = 1[s]

Repetition_Time  = 9.36731904[s]
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Data_Format      = 1D COMPLEX
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Dimensions       = X
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Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])
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X_Freq           = 100.52530333[MHz]
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Irr_Atn_Noe      = 21.763[dB]

Irr_Noise        = WALTZ
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Dimensions       = X
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Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 4.36731904[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]

X_Offset         = 5[ppm]

X_Points         = 32768

X_Prescans       = 1

X_Resolution     = 0.22897343[Hz]

X_Sweep          = 7.5030012[kHz]
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Irr_Domain       = Proton
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Tri_Offset       = 5[ppm]
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Relaxation_Delay = 5[s]
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DFILE MI16-2_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 03-07-2013 18:53:40
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         1024
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         21.1 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           60
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DFILE MI21-fr1-11_Proton-1-1.als
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EXMOD proton.jxp      
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POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         21.8 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           44
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PW1         2.67 usec
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RGAIN           60
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DFILE MI6_Proton-1-1解析.als
COMNT single_pulse
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SLVNT CDCL3
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           48
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DFILE MI6-2_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 03-07-2013 17:54:41
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         1024
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         21.2 c
SLVNT DMSO
EXREF        39.50 ppm
BF         1.20 Hz
RGAIN           60

single pulse decoupled gated NOE
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DFILE MI24_Proton-1-1.als
COMNT single_pulse
DATIM 07-03-2013 13:24:51
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         21.6 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           46

single_pulse

G:\imani\MI24_Proton-1-1.als

1
.0

0 1
.1

5
2
.1

4
2
.2

3
2
.0

3

9
.8

7
6

8
.2

5
9

8
.2

5
5

8
.2

4
0

8
.2

3
6

8
.2

2
1

8
.2

1
6

7
.7

0
9

7
.6

9
1

7
.6

0
0

7
.5

9
7

7
.5

8
7

7
.5

8
2

7
.5

7
9

7
.5

7
5

7
.5

6
9

7
.5

6
6

7
.5

6
4

7
.5

6
1

7
.5

5
7

7
.5

4
8

7
.5

4
3

7
.4

7
5

7
.4

7
3

7
.4

5
4

7
.4

5
2

7
.4

4
6

7
.4

4
4

7
.4

2
5

7
.4

2
1

7
.4

1
8

7
.4

0
3

7
.4

0
2

7
.4

0
0

7
.3

9
9

7
.3

8
3

7
.3

8
1

7
.3

7
3

7
.3

5
5

7
.3

3
6

7
.3

2
3

7
.3

1
4

7
.2

6
9

7
.2

5
4

7
.2

5
1

7
.2

3
7

7
.2

3
2

7
.2

1
7

7
.2

1
4

7
.1

9
9

3
.3

3
5

3
.3

2
3

2
.6

7
3

2
.5

2
6

2
.5

2
1

2
.5

1
3

2
.5

0
8

2
.5

0
4

2
.4

9
9

2
.4

9
4

2
.0

9
8

2
.0

9
4

2
.0

8
7

2
.0

7
9

2
.0

7
5

1
.9

9
0

1
.1

7
5

0
.0

0
8

0
.0

0
0

-
0
.0

0
8

1
.
1
5

7
.
7
0
9

7
.
6
9
1

1
.
0
0

8
.
2
5
9

8
.
2
5
5

8
.
2
4
0

8
.
2
3
6

8
.
2
2
1

8
.
2
1
6

7
.
6
0
0

7
.
5
9
7

7
.
5
8
7

7
.
5
8
2

7
.
5
7
9

7
.
5
7
5

7
.
5
6
9

7
.
5
6
4

7
.
5
6
1

2
.
2
3

2
.
0
3

7
.
4
7
5

7
.
4
7
3

7
.
4
5
4

7
.
4
5
2

7
.
4
4
6

7
.
4
4
4

7
.
4
2
5

7
.
4
2
1

7
.
4
1
8

7
.
4
0
3

7
.
4
0
2

7
.
4
0
0

7
.
3
9
9

7
.
3
8
3

7
.
3
8
1

7
.
2
6
9

7
.
2
5
4

7
.
2
5
1

7
.
2
3
7

7
.
2
3
2

7
.
2
1
7

7
.
2
1
4

7
.
1
9
9

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



S37 

 

ab
u

n
d

an
ce

-0
.0

2
0

0
.0

2
0

.0
4

0
.0

6
0

.0
8

0
.1

0
.1

2
0

.1
4

0
.1

6
0

.1
8

0
.2

0
.2

2
0

.2
4

0
.2

6
0

.2
8

0
.3

X : parts per Million : Carbon13

220.0210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0

 1
6

0
.6

0
0

3
9

 1
5

8
.1

1
1

8
6

 1
4

6
.2

7
9

4
5

 1
4

2
.8

9
4

6
8

 1
3

1
.8

0
5

9
7

 1
3

1
.7

2
0

1
5

 1
3

0
.1

3
7

4
2

 1
3

0
.1

1
8

3
5

 1
2

5
.0

0
7

8
1

 1
2

4
.9

7
9

2
1

 1
2

1
.7

8
5

1
3

 1
1

8
.0

4
7

5
8

 1
1

7
.9

3
3

1
6

 1
1

6
.5

3
1

5
8

 1
1

6
.3

2
1

8
2

 1
1

1
.8

2
1

5
0

  
4

0
.0

3
5

6
8

  
3

9
.8

3
5

4
5

  
3

9
.6

2
5

6
9

  
3

9
.4

1
5

9
3

  
3

9
.2

0
6

1
7

  
3

8
.9

9
6

4
1

  
3

8
.7

8
6

6
5

Filename         = M-ohta-o-F_Carbon-1-3.jdf

Author           = delta

Experiment       = carbon.jxp

Sample_Id        = M-ohta-o-F

Solvent          = DMSO-D6

Creation_Time    = 18-SEP-2013 15:04:57
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Data_Format      = 1D COMPLEX

Dim_Size         = 26214

Dim_Title        = Carbon13

Dim_Units        = [ppm]

Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 1.04333312[s]

X_Domain         = 13C

X_Freq           = 100.52530333[MHz]

X_Offset         = 100[ppm]

X_Points         = 32768

X_Prescans       = 4

X_Resolution     = 0.95846665[Hz]
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X_Sweep_Clipped  = 25.12562814[kHz]

Irr_Domain       = Proton
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Irr_Offset       = 5[ppm]
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Relaxation_Delay = 2[s]
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Temp_Get         = 22.6[dC]

X_90_Width       = 8[us]

X_Acq_Time       = 1.04333312[s]
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X_Atn            = 4.1[dB]

X_Pulse          = 2.66666667[us]

Irr_Atn_Dec      = 21.763[dB]

Irr_Atn_Noe      = 21.763[dB]

Irr_Noise        = WALTZ
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DFILE MI23-fr1-6_Proton-1-1.als
COMNT single_pulse
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EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         22.1 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           44

single_pulse
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DFILE M-MI-23_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 06-06-2013 09:21:36
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS          299
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         20.8 c
SLVNT DMSO
EXREF        39.50 ppm
BF         0.00 Hz
RGAIN           60

single pulse decoupled gated NOE
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DFILE MI22-fr1-9_Proton-1-1.als
COMNT single_pulse
DATIM 07-03-2013 13:06:16
OBNUC 1H
EXMOD proton.jxp      
OBFRQ       399.78 MHz
OBSET         4.19 KHz
OBFIN         7.29 Hz
POINT        52428
FREQU      6002.40 Hz
SCANS            8
ACQTM       8.7346 sec
PD       5.0000 sec
PW1         4.91 usec
IRNUC 1H
CTEMP         23.3 c
SLVNT DMSO
EXREF         0.00 ppm
BF         0.12 Hz
RGAIN           44

single_pulse
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DFILE M-MI-22_Carbon-1-1.als
COMNT single pulse decoupled gated NOE
DATIM 06-06-2013 06:41:27
OBNUC 13C
EXMOD carbon.jxp      
OBFRQ       100.53 MHz
OBSET         5.35 KHz
OBFIN         5.86 Hz
POINT        26214
FREQU     25125.63 Hz
SCANS         3000
ACQTM       1.0433 sec
PD       2.0000 sec
PW1         2.67 usec
IRNUC 1H
CTEMP         20.8 c
SLVNT DMSO
EXREF        39.50 ppm
BF         0.00 Hz
RGAIN           60

single pulse decoupled gated NOE
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Filename         = M-abe-S1_Proton-1-5.jdf

Author           = delta

Experiment       = proton.jxp

Sample_Id        = M-abe-S1

Solvent          = DMSO-D6

Creation_Time    = 10-SEP-2013 14:32:28

Revision_Time    = 10-SEP-2013 14:43:50

Current_Time     = 17-SEP-2013 13:26:09

Comment          = single_pulse

Data_Format      = 1D COMPLEX

Dim_Size         = 26214

Dim_Title        = Proton

Dim_Units        = [ppm]

Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 4.36731904[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]

X_Offset         = 5[ppm]

X_Points         = 32768

X_Prescans       = 1

X_Resolution     = 0.22897343[Hz]

X_Sweep          = 7.5030012[kHz]

X_Sweep_Clipped  = 6.00240096[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Tri_Domain       = Proton

Tri_Freq         = 399.78219838[MHz]

Tri_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 8

Total_Scans      = 8

Relaxation_Delay = 5[s]

Recvr_Gain       = 40

Temp_Get         = 21.2[dC]

X_90_Width       = 9.53[us]

X_Acq_Time       = 4.36731904[s]

X_Angle          = 45[deg]

X_Atn            = 0.4[dB]

X_Pulse          = 4.765[us]

Irr_Mode         = Off

Tri_Mode         = Off

Dante_Presat     = FALSE

Initial_Wait     = 1[s]

Repetition_Time  = 9.36731904[s]
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Revision_Time    = 17-SEP-2013 15:53:57
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Data_Format      = 1D COMPLEX

Dim_Size         = 26214

Dim_Title        = Carbon13

Dim_Units        = [ppm]

Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 1.04333312[s]

X_Domain         = 13C
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X_Offset         = 100[ppm]

X_Points         = 32768
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X_Resolution     = 0.95846665[Hz]
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Irr_Domain       = Proton
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Irr_Offset       = 5[ppm]
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X_Acq_Time       = 1.04333312[s]

X_Angle          = 30[deg]
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Irr_Atn_Dec      = 21.763[dB]

Irr_Atn_Noe      = 21.763[dB]

Irr_Noise        = WALTZ
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Decoupling       = TRUE

Initial_Wait     = 1[s]

Noe              = TRUE

Noe_Time         = 2[s]

Repetition_Time  = 3.04333312[s]
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Dimensions       = X

Site             = JNM-ECS400

Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 4.36731904[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]

X_Offset         = 5[ppm]

X_Points         = 32768
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X_Resolution     = 0.22897343[Hz]

X_Sweep          = 7.5030012[kHz]

X_Sweep_Clipped  = 6.00240096[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Tri_Domain       = Proton

Tri_Freq         = 399.78219838[MHz]

Tri_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 8

Total_Scans      = 8

Relaxation_Delay = 5[s]

Recvr_Gain       = 50

Temp_Get         = 21.2[dC]

X_90_Width       = 9.53[us]

X_Acq_Time       = 4.36731904[s]

X_Angle          = 45[deg]

X_Atn            = 0.4[dB]

X_Pulse          = 4.765[us]

Irr_Mode         = Off

Tri_Mode         = Off

Dante_Presat     = FALSE

Initial_Wait     = 1[s]

Repetition_Time  = 9.36731904[s]
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Dimensions       = X
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Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 1.04333312[s]
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X_Freq           = 100.52530333[MHz]

X_Offset         = 100[ppm]

X_Points         = 32768

X_Prescans       = 4

X_Resolution     = 0.95846665[Hz]

X_Sweep          = 31.40703518[kHz]

X_Sweep_Clipped  = 25.12562814[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 892

Total_Scans      = 892

Relaxation_Delay = 2[s]
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X_90_Width       = 8[us]

X_Acq_Time       = 1.04333312[s]
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X_Atn            = 4.1[dB]

X_Pulse          = 2.66666667[us]

Irr_Atn_Dec      = 21.763[dB]

Irr_Atn_Noe      = 21.763[dB]

Irr_Noise        = WALTZ

Irr_Pwidth       = 0.115[ms]

Decoupling       = TRUE

Initial_Wait     = 1[s]

Noe              = TRUE

Noe_Time         = 2[s]

Repetition_Time  = 3.04333312[s]
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X_Resolution     = 0.22897343[Hz]
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X_Acq_Time       = 4.36731904[s]

X_Angle          = 45[deg]

X_Atn            = 0.4[dB]
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X_Freq           = 399.78219838[MHz]
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Dimensions       = X
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Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 1.04333312[s]

X_Domain         = 13C

X_Freq           = 100.52530333[MHz]

X_Offset         = 100[ppm]
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X_Resolution     = 0.95846665[Hz]

X_Sweep          = 31.40703518[kHz]
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Irr_Atn_Noe      = 21.763[dB]

Irr_Noise        = WALTZ

Irr_Pwidth       = 0.115[ms]

Decoupling       = TRUE

Initial_Wait     = 1[s]

Noe              = TRUE

Noe_Time         = 2[s]

Repetition_Time  = 3.04333312[s]
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Author           = delta
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Dim_Title        = Proton
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Spectrometer     = DELTA2_NMR

Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 8.73463808[s]

X_Domain         = 1H

X_Freq           = 399.78219838[MHz]
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X_Points         = 65536

X_Prescans       = 1

X_Resolution     = 0.11448671[Hz]

X_Sweep          = 7.5030012[kHz]

X_Sweep_Clipped  = 6.00240096[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Tri_Domain       = Proton
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Tri_Offset       = 5[ppm]
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Scans            = 8

Total_Scans      = 8

Relaxation_Delay = 2[s]
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Tri_Mode         = Off

Dante_Presat     = FALSE
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Field_Strength   = 9.389766[T] (400[MHz])

X_Acq_Duration   = 1.04333312[s]

X_Domain         = 13C

X_Freq           = 100.52530333[MHz]

X_Offset         = 100[ppm]

X_Points         = 32768

X_Prescans       = 4

X_Resolution     = 0.95846665[Hz]

X_Sweep          = 31.40703518[kHz]

X_Sweep_Clipped  = 25.12562814[kHz]

Irr_Domain       = Proton

Irr_Freq         = 399.78219838[MHz]

Irr_Offset       = 5[ppm]

Clipped          = FALSE

Scans            = 256

Total_Scans      = 256

Relaxation_Delay = 2[s]

Recvr_Gain       = 60

Temp_Get         = 21.9[dC]

X_90_Width       = 8[us]

X_Acq_Time       = 1.04333312[s]

X_Angle          = 30[deg]

X_Atn            = 4.1[dB]

X_Pulse          = 2.66666667[us]

Irr_Atn_Dec      = 21.763[dB]

Irr_Atn_Noe      = 21.763[dB]

Irr_Noise        = WALTZ

Irr_Pwidth       = 0.115[ms]

Decoupling       = TRUE

Initial_Wait     = 1[s]

Noe              = TRUE

Noe_Time         = 2[s]

Repetition_Time  = 3.04333312[s]
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