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1. Chemicals and Instrumentation

The starting materials were obtained from commercial suppliers and used as received. Solvents

were purchased from commercial suppliers, and further dried over molecular sieve (MS 4Å). All 

mechanochemical reactions were carried out using grinding vessels in a Retsch MM400 mill. Both jar 

and ball are made of stainless. NMR spectra were recorded on JEOL JNM-ECX400P, JNM-ECS400 

and JNM-ECZ400S spectrometers (1H: 392 or 396 or 399 or 401 MHz, 13C: 99 or 100 MHz). 

Tetramethylsilane (1H), CDCl3 (13C) was employed as the external standards, respectively. 

Multiplicity was recorded as follows: s = singlet, brs = broad singlet, d = doublet, t = triplet, q = quartet, 

quint = quintet, sept = septet, o = octet, m = multiplet. 1,1,2,2-Tetrachloroethane and fluorobenzene 

were used as an internal standard to determine NMR yields. Recycle preparative gel permeation 

chromatography (GPC) was conducted with a JAI LC-9101 using CHCl3 as an eluent with JAIGEL-

1H. GLC analyses were conducted with a Shimadzu GC-2014 or GC-2025 equipped with ULBON 

HR-1 glass capillary column (Shinwa Chemical Industries) or SH-Rtx-5MS glass capillary column 

(Shimadzu Corporation) and a FID detector. High-resolution mass spectra were recorded at the Global 

Facility Center, Hokkaido University. Powder diffraction data were recorded on a Rigaku SmartLab 

diffractometer with Cu-Kα radiation and D/teX Ultra detector covering 5-60 (2). 

Figure S1. Retsch MM400 used in this study. 

Figure S2. Stainless jar and ball used in this study. 
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2. General Procedure for Mechanochemical Cross-Coupling Reactions 

 

Arylboronic acid 2 (0.36 mmol, 1.2 equiv), Pd(OAc)2 (0.009 mmol, 3 mol %) and ligand (0.0135 

mmol, 4.5 mol %), CsF (0.9 mmol, 3.0 equiv) were placed in a ball milling vessel (stainless, 1.5 mL) 

loaded with one grinding ball (stainless, diameter: 3 mm). Then aryl halide 1 (0.3 mmol), H2O (20 L, 

3.7 equiv) and 1,5-cod (0.2 L/mg) were added via syringe. After the vessel was closed in air without 

purging with inert gas, the vessel was placed in the ball mill (Retch MM400, 99 min at 25 Hz). After 

99 min, the mixture was extracted with CH2Cl2 three times. The solution was dried over MgSO4. After 

filtration, CH2Cl2 was then removed by rotary evaporation. The crude mixture was then purified by 

flash column chromatography to give the corresponding monoarylated product.  

 

 

Figure S3. Set-up procedure for the mechanochemical monoarylation. 
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3. General Procedure for Cross-Coupling Reactions in Solution 

 

 

Arylboronic acid 2 (0.36 mmol, 1.2 equiv), Pd(OAc)2 (0.009 mmol, 3 mol %) and ligand (0.0135 

mmol, 4.5 mol %) and CsF (0.9 mmol, 3.0 equiv) were placed in an oven-dried reaction vial. After the 

vial was sealed with a screw cap containing a teflon-coated rubber septum, the vial was connected to 

a vacuum/nitrogen manifold through a needle. It was evacuated and then backfilled with nitrogen.  

This cycle was repeated three times. After toluene (3.0 mL, 0.1 M) was added, aryl halide 1 (0.3 mmol) 

was added in the vial through the rubber septum. After H2O (20 µL, 3.7 equiv) was added to the 

mixture, the mixture was heated to 50 °C using oil bath. After 24 hours, the mixture was extracted 

with CH2Cl2 three times. The solution was dried over MgSO4. After filtration, CH2Cl2 was then 

removed by rotary evaporation. 1H NMR or GC analysis of the resulting crude mixture was measured 

to determine the yield of products. 
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4. Details of Kinetic Studies  

Reactions were conducted in a Retch MM400 ball mill in a stainless-steel milling jar (1.5 mL) at 

25 Hz using one stainless-steel ball (diameter: 3 mm). As periodic sampling of the mechanochemical 

reaction runs would require stopping the mill and opening the jar, each data point was obtained from 

an individual reaction. Yields were determined by GC analysis with an internal standard. 

 

・The reaction 1a with 2a under mechanochemical and solution conditions 

 

 
 

 

 

 

・The reaction of 1b with 2a under mechanochemical and solution conditions 
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・The reaction of 1c with 2a under mechanochemical and solution conditions 
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5. Procedure for One-Pot Sequential Arylations of Unbiased Dibromoarenes 

 

 

Aryl boronic acid 2 (0.36 mmol, 1.2 equiv), Pd(OAc)2 (0.009 mmol, 3 mol %) and ligand (0.0135 

mmol, 4.5 mol %), CsF (0.9 mmol, 3.0 equiv) were placed in a ball milling vessel (stainless, 1.5 mL) 

loaded with one grinding ball (stainless, diameter: 3 mm). Then aryl halide 1 (0.3 mmol), H2O (20 L, 

3.7 equiv) and 1,5-cod (0.2 L/mg) were added via syringe. After the vessel was closed in air without 

purging with inert gas, the vessel was placed in the ball mill (Retch MM400, 99 min at 25 Hz). After 

99 min, the jar was opened and charged with Pd(OAc)2 (0.03 mmol, 3 mol %), DavePhos (0.045 mmol, 

4.5 mol %), CsF (0.45 mmol, 1.5 equiv), aryl boronic acid 2 (0.6 mmol, 2.0 equiv) and H2O (20 L, 

3.7 equiv). After the jar was closed without the purge with inert gas, the jar was placed in the ball mill 

(Retsch MM 400, 99 min, 30 Hz). After 99 min, the mixture was extracted with CH2Cl2 three times. 

The solution was dried over MgSO4. After filtration, CH2Cl2 was then removed by rotary evaporation. 

The crude mixture was then purified by flash column chromatography to give the corresponding 

coupling product 9. In some cases, the product 9 was further purified by recrystallization and recycle 

gel permeation chromatography (GPC). 
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6. Results of Optimization Study 

 

Optimization of Palladium Catalyst 

We have initiated the optimization study with 1d as a substrate and 1,5-cod1 as a grinding additive. 

Investigation on the ligand effect revealed that the use of tBuXPhos afforded the desired product 3i in 

the highest yield with excellent monoarylation selectivity. We found that Pa(OAc)2 was the best 

precatalyst for the mechanochemical monoarylation reaction. 
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Optimization of Liquid Additive 

We found that the use of 1,5-cod improves the efficiency of the mechanochemical monoarylation 

reaction. Our previous study suggests that 1,5-cod might act as dispersants for the palladium-based 

catalyst to suppress higher aggregation of the nanoparticles, and also as stabilizer for the active 

monomeric palladium(0) species, thus facilitating the solvent-less mechanochemical coupling 

reaction.1  
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Optimization of Catalyst Loading 

Increasing catalyst loading did not lead to higher yield of the products.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Optimization of Frequency 
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Optimization of Reaction Time 

Prolonging the reaction time did not lead to higher yield of the products.  

 

 

Optimization of Jar and Ball 
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Ligand Effect on Other Classes of Dibromoarenes 

As for the reactions of 1,3-dibromobenzene (1f), the use of tBuBrettPhos instead of tBuXPhos 

generally gave higher yield of the monoarylation product 5. 
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As for the reactions of 1g and 1i, the use of tBuBrettPhos instead of tBuXPhos generally gave higher 

yields of the monoarylation products 7a and 7c. The reported solution conditions with Pd(PPh3)4 as a 

catalyst require an excess of 1i,2 and the catalyst amount was reduced to one equivalent, only a very 

low selectivity toward monoarylation was observed. 

 

 

 

As for the reactions of 1h, the use of tBuXPhos gave higher yield of the monoarylation product 7b. 
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The ligand effects on the mechanochemical monoarylation reactions were summarized as followed: 

1. tBuXPhos is the best ligand for the reactions of 1,2-dibromobenezenes. 

2. tBuBrettPhos generally provides better yield for the reactions of other classes of dibromoarenes 

compared to tBuXPhos. We would recommend that both ligands (tBuXPhos and tBuBrettPhos) 

should be tested to find optimal conditions when substrates other than 1,2-dibromobenezenes are 

used for the mono-selective mechanochemical coupling reactions. 

 

 

Solution-based Coupling Reaction in the Presence of 1,5-Cod 

The coupling reaction was performed in the presence of 1,5-cod in solution, and the selectivity 

toward monoarylation was not changed (32%, 3i/4i = 70:30). This result suggests that 1,5-cod should 

not be a factor in the observed selectivity. 

 

 

Effect of Solvent on Solution-based Coupling Reaction 

We investigated the effect of solvent on the solution-based cross-coupling reactions. The results 

showed that the choice of solvent did not significantly affect the selectivity toward monoarylation. 
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Reactions Using Excess Amount of Arylboronic Acid 

The reactions using 2.0 equivalents of arylboronic acid under both mechanochemical conditions 

and solution-based conditions were investigated. We found that increasing amount of arylboronic acid 

did not affect the monoarylation selectivity under mechanochemical conditions (50%, 3i/4i = 98:2). 

In contrast, the selectivity became lower under solution-based conditions (35%, 3i/4i = 63:37). 
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Effect of Temperature on Solution-based Coupling Reaction 

The coupling reactions in toluene at 50C and 30 C were carried out. The result showed that 

reaction temperature did not affect the selectivity toward monoarylation (27%, 3i/4i = 70:30).  
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7. Characterization of Obtained Coupling Products 

 

2'-Bromo-N,N-dimethyl-[1,1'-biphenyl]-4-amine (3d). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 59.4 mg (0.36 mmol) of 2b. The 

product 3d was obtained as a white solid (56.0 mg, 0.203 mmol, 68% yield) after purification by silica-

gel column chromatography (SiO2, CH2Cl2/hexane, 0:100–50:50). 1H and 13C NMR were in agreement 

with the literature.3 

1H NMR (392 MHz, CDCl3, δ): 3.01 (s, 6H), 6.75–6.81 (m, 2H), 7.09–7.18 (m, 1H), 7.29–7.37 (m, 

4H), 7.64 (d, J = 7.8 Hz, 1H). 13C NMR (99 MHz, CDCl3, δ): 40.6 (CH3), 111.7 (CH), 123.1 (C), 127.4 

(CH), 128.0 (CH), 129.1 (C), 130.3 (CH), 131.5 (CH), 133.2 (CH), 142.7 (C), 149.9 (C). HRMS-ESI 

(m/z): [M+H]+ calcd for C14H15NBr, 276.0382; found, 276.0383. 

 

2-Bromo-4'-methoxy-1,1'-biphenyl (3e). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 91.2 mg (0.6 mmol) of 2c. The 

product 3e was obtained as a white solid (56.5 mg, 0.216 mmol, 72% yield) after purification by silica-

gel column chromatography (SiO2, CH2Cl2/hexane, 0:100–30:70). 1H and 13C NMR were in agreement 

with the literature.4 

1H NMR (392 MHz, CDCl3, δ): 3.86 (s, 3H), 6.94–7.00 (m, 2H), 7.14–7.21 (m, 1H), 7.29–7.39 (m, 

4H), 7.66 (d, J = 9.0 Hz, 1H). 13C NMR (99 MHz, CDCl3, δ): 55.4 (CH3), 113.5 (CH), 123.0 (C), 127.5 

(CH), 128.5 (CH), 130.7 (CH), 131.5 (CH), 133.2 (CH), 133.6 (C), 142.3 (C), 159.2 (C). HRMS-EI 

(m/z): [M]+ calcd for C13H11BrO, 261.9993; found, 262.0004. 
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2-Bromo-4,5-difluoro-4'-methoxy-1,1'-biphenyl (3f). 

 

The reaction was carried out with 81.6 mg (0.30 mmol) of 1e and 54.7 mg (0.36 mmol) of 2c. The 

product 3f was obtained as a white solid (60.7 mg, 0.203 mmol, 68% yield) after purification by silica-

gel column chromatography (SiO2, Et2O/hexane, 0:100–2:98). 

1H NMR (396 MHz, CDCl3, δ): 3.86 (s, 3H), 6.93–6.99 (m, 2H), 7.15 (dd, J = 8.1, 10.9 Hz, 1H), 7.27–

7.33 (m, 2H), 7.48 (dd, J = 7.5, 9.9 Hz, 1H). 13C NMR (100 MHz, CDCl3, δ): 55.4 (CH3), 113.7 (CH), 

116.4 (q, J = 3.8 Hz, C), 119.6 (d, J = 18.1 Hz, CH), 121.9 (d, J = 20.0 Hz, CH), 130.6 (CH), 131.9 

(C), 139.2 (t, J = 4.7 Hz, C), 148.1 (q, J = 12.4 Hz, C), 150.6 (q, J = 11.4 Hz, C),159.6 (C). HRMS-EI 

(m/z): [M]+ calcd for C13H9BrF2O, 297.9805; found, 297.9806. 

 

2-(2-Bromophenyl)naphthalene (3g). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 61.9 mg (0.36 mmol) of 2d. The 

product 3g was obtained as a white solid (56.2 mg, 0.199 mmol, 66% yield) after purification by silica-

gel column chromatography (SiO2, hexane only) and GPC. 1H and 13C NMR were in agreement with 

the literature.5 

1H NMR (396 MHz, CDCl3, δ): 7.21–7.28 (m, 1H), 7.37–7.45 (m, 2H), 7.49–7.54 (m, 2H), 7.57 (dd, 

J = 1.8, 8.1 Hz, 1H), 7.71 (d, J = 7.7 Hz, 1H), 7.84–7.92 (m, 4H). 13C NMR (100 MHz, CDCl3, δ): 

122.9 (C), 126.4 (CH), 127.5 (CH), 127.6 (CH), 127.7 (CH), 127.8 (CH), 128.3 (CH), 128.4 (CH), 

129.0 (CH), 131.7 (CH), 132.7 (C), 133.2 (C), 133.3 (C), 138.7 (C), 142.6 (C). HRMS-EI (m/z): [M]+ 

calcd for C16H11Br, 282.0044; found, 282.0045. 

 

2-(2-Bromophenyl)-6-methoxynaphthalene (3h). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 72.7 mg (0.36 mmol) of 2e. The 
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product 3h was obtained as a white solid (60.7 mg, 0.195 mmol, 65% yield) after purification by silica-

gel column chromatography (SiO2, CH2Cl2/hexane, 0:100–50:50) and GPC. 1H and 13C NMR were in 

agreement with the literature.6 

1H NMR (392 MHz, CDCl3, δ): 3.95 (s, 3H), 7.15–7.28 (m, 3H), 7.35–7.45 (m, 2H), 7.53 (d, J = 8.6 

Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.74–7.82 (m, 3H). 13C NMR (100 MHz, CDCl3, δ): 55.5 (CH3), 

105.7 (CH), 119.2 (CH), 123.0 (C), 126.3 (CH), 127.5 (CH), 128.19 (CH), 128.22 (CH), 128.6 (C), 

128.8 (CH), 129.8 (CH), 131.7 (CH), 133.3 (CH), 133.9 (C), 136.5 (C), 142.7 (C), 158.1 (C). HRMS-

EI (m/z): [M]+ calcd for C17H13BrO, 312.0150; found, 312.0148. 

 

1-(2-Bromophenyl)naphthalene (3i). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 61.9 mg (0.36 mmol) of 2f. The 

product 3i was obtained as a white solid (46.0 mg, 0.162 mmol, 54% yield) after purification by silica-

gel column chromatography (SiO2, hexane only) and GPC. 1H and 13C NMR were in agreement with 

the literature.7 

1H NMR (392 MHz, CDCl3, δ): 7.31 (td, J = 2.0, 7.6 Hz, 1H), 7.34–7.52 (m, 6H), 7.55 (t, J = 7.6 Hz, 

1H), 7.74 (d, J = 7.4 Hz, 1H), 7.92 (d, J = 8.2 Hz, 2H). 13C NMR (99 MHz, CDCl3, δ): 124.5 (C), 

125.3 (CH), 126.0 (CH), 126.1 (CH), 126.3 (CH), 127.1 (CH), 127.3 (CH), 128.3 (CH), 128.4 (CH), 

129.2 (CH), 131.7 (C), 132.1 (CH), 132.9 (CH), 133.5 (C), 139.2 (C), 141.4 (C). HRMS-EI (m/z): 

[M]+ calcd for C16H11Br, 282.0044; found, 282.0042. 

 

1-(2-Bromo-4,5-difluorophenyl)naphthalene (3j). 

 

The reaction was carried out with 81.6 mg (0.30 mmol) of 1e and 61.9 mg (0.36 mmol) of 2f. The 

product 3j was obtained as a white solid (48.0 mg, 0.150 mmol, 50% yield) after purification by silica-

gel column chromatography (SiO2, hexane only) and GPC. 

1H NMR (396 MHz, CDCl3, δ): 7.22 (dd, J = 8.3, 10.3 Hz, 1H), 7.33 (dd, J = 1.2, 7.1 Hz, 1H), 7.40–

7.48 (m, 2H), 7.48–7.55 (m, 2H), 7.55–7.60 (m, 1H), 7.93 (dt, J = 1.4, 8.2 Hz, 2H). 13C NMR (100 

MHz, CDCl3, δ): 118.2 (q, J = 3.5 Hz, C), 120.4 (d, J = 18.1 Hz, CH), 121.6 (d, J = 20.0 Hz, CH),125.2 
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(CH), 125.5 (CH), 126.2 (CH), 126.6 (CH), 127.3 (CH), 128.5 (CH), 128.9 (CH), 131.3 (C), 133.5 

(C), 137.3 (C), 138.2 (t, J = 4.8 Hz, C), 148.4 (q, J = 14.3 Hz, C),150.9 (q, J = 14.6 Hz, C). HRMS-

EI (m/z): [M]+ calcd for C16H9BrF2, 317.9856; found, 317.9849. 

 

1-(2-Bromophenyl)-4-methylnaphthalene (3k). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 67.0 mg (0.36 mmol) of 2g. The 

product 3k was obtained as a white solid (52.0 mg, 0.175 mmol, 58% yield) after purification by silica-

gel column chromatography (SiO2, hexane only) and GPC.  

1H NMR (401 MHz, CDCl3, δ): 2.76 (s, 3H), 7.26–7.33 (m, 2H), 7.35 (dd, J = 1.8, 7.8 Hz, 1H), 7.37–

7.45 (m, 3H), 7.47 (d, J = 7.6 Hz, 1H), 7.50–7.56 (m, 1H), 7.73 (d, J = 8.4 Hz, 1H), 8.07 (d, J = 8.8 

Hz, 1H). 13C NMR (99 MHz, CDCl3, δ): 19.8 (CH3), 124.6 (CH), 124.7 (C), 125.87 (CH), 125.94 

(CH), 126.1 (CH), 126.7 (CH), 126.8 (CH), 127.3 (CH), 129.1 (CH), 131.7 (C), 132.3 (CH), 132.6 

(C), 132.8 (CH), 134.7 (C), 137.6 (C), 141.7 (C). HRMS-EI (m/z): [M]+ calcd for C17H13Br, 296.0201; 

found, 296.0207. 

 

2-Bromo-3'-(trifluoromethyl)-1,1'-biphenyl (3l). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1d and 68.4 mg (0.36 mmol) of 2h. The 

product 3l was obtained as an oil (47.0 mg, 0.156 mmol, 52% yield) after purification by silica-gel 

column chromatography (SiO2, hexane only) and GPC.  

1H NMR (401 MHz, CDCl3, δ): 7.22–7.28 (m, 1H), 7.33 (dd, J = 2.0, 7.2 Hz, 1H), 7.39 (td, J = 1.5, 

7.3 Hz, 1H), 7.55 (t, J = 7.6 Hz, 1H), 7.59–7.71 (m, 4H). 13C NMR (99 MHz, CDCl3, δ): 122.6 (C), 

124.1 (q, J = 216.4 Hz, CF3), 124.6 (q, J = 3.7 Hz, CH), 126.4 (q, J = 3.8 Hz, CH), 127.3 (CH), 127.7 

(CH), 128.6 (CH), 129.5 (CH), 130.6 (d, J = 30.0 Hz, C), 131.3 (CH), 133.0 (CH), 133.5 (CH), 141.2 

(C), 141.8 (C). HRMS-EI (m/z): [M]+ calcd for C13H8BrF3, 299.9762; found, 299.9766. 
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3-Bromo-4'-methoxy-1,1'-biphenyl (5a). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1f and 54.7 mg (0.36 mmol) of 2c. The 

product 5a was obtained as a white solid (49.7 mg, 0.189 mmol, 63% yield) after purification by silica-

gel column chromatography (SiO2, CH2Cl2/hexane, 0:100–10:90) and GPC. 1H and 13C NMR were in 

agreement with the literature.8 

1H NMR (396 MHz, CDCl3, δ): 3.85 (s, 3H), 6.95–7.00 (m, 2H), 7.24–7.30 (m, 1H), 7.40–7.53 (m, 

4H), 7.69 (t, J = 1.8 Hz, 1H). 13C NMR (99 MHz, CDCl3, δ): 55.5 (CH3), 114.5 (CH), 123.0 (C), 125.4 

(CH), 128.3 (CH), 129.7 (CH), 129.9 (CH), 130.4 (CH), 132.3 (C), 143.1 (C), 159.7 (C). HRMS-EI 

(m/z): [M]+ calcd for C13H11BrO, 261.9993; found, 261.9994. 

 

3'-Bromo-2,4-dimethyl-1,1'-biphenyl (5b). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1f and 54.0 mg (0.36 mmol) of 2i. The 

product 5b was obtained as a white solid (44.4 mg, 0.170 mmol, 56% yield) after purification by silica-

gel column chromatography (SiO2, hexane only) and GPC. 

1H NMR (396 MHz, CDCl3, δ): 2.23 (s, 3H), 2.36 (s, 3H), 7.03–7.11 (m, 3H), 7.21–7.29 (m, 2H), 

7.43–7.48 (m, 2H). 13C NMR (100 MHz, CDCl3, δ): 20.4 (CH3), 21.2 (CH3), 122.2 (C), 126.7 (CH), 

128.1 (CH), 129.7 (CH), 129.8 (CH), 131.3 (CH), 132.4 (CH), 135.1 (C), 137.6 (C), 137.7 (C), 144.2 

(C). HRMS-EI (m/z): [M]+ calcd for C14H13Br, 260.0201; found, 260.0202. 

 

1-(3-Bromophenyl)naphthalene (5c). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1f and 103.2 mg (0.60 mmol) of 2f. The 

product 5c was obtained as a white solid (46.9 mg, 0.166 mmol, 55% yield) after purification by silica-
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gel column chromatography (SiO2, hexane only) and GPC.  

1H NMR (392 MHz, CDCl3, δ): 7.33–7.60 (m, 7H), 7.65 (t, J = 1.6 Hz, 1H), 7.81–7.94 (m, 3H). 13C 

NMR (99 MHz, CDCl3, δ): 122.5 (C), 125.4 (CH), 125.7 (CH), 126.0 (CH), 126.5 (CH), 127.1 (CH), 

128.3 (CH), 128.5 (CH), 128.8 (CH), 129.9 (CH), 130.4 (CH), 131.4 (C), 133.0 (CH), 133.8 (C), 138.7 

(C), 142.9 (C). HRMS-EI (m/z): [M]+ calcd for C16H11Br, 282.0044; found, 282.0049. 

 

2-(3-Bromophenyl)naphthalene (5d). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1f and 103.2 mg (0.60 mmol) of 2d. The 

product 5d was obtained as a white solid (34.7 mg, 0.123 mmol, 41% yield) after purification by silica-

gel column chromatography (SiO2, hexane only) and GPC. 1H and 13C NMR were in agreement with 

the literature.9 

1H NMR (401 MHz, CDCl3, δ): 7.35 (t, J = 7.8 Hz, 1H), 7.47–7.56 (m, 3H), 7.64 (dd, J = 1.2, 7.6 Hz, 

1H), 7.70 (dd, J = 1.8, 8.2 Hz, 1H), 7.84–7.96 (m, 4H), 8.02 (s, 1H). 13C NMR (99 MHz, CDCl3, δ): 

123.1 (C), 125.3 (CH), 126.1 (CH), 126.4 (CH), 126.6 (CH), 127.8 (CH), 128.4 (CH), 128.7 (CH), 

130.35 (CH), 130.45 (CH), 130.51 (CH), 132.9 (C), 133.7 (C), 137.1 (C), 143.3 (C). HRMS-EI (m/z): 

[M]+ calcd for C16H11Br, 282.0044; found, 282.0047. 

 

4-Bromo-2,3-difluoro-4'-methoxy-1,1'-biphenyl (7a). 

 

The reaction was carried out with 81.6 mg (0.30 mmol) of 1g and 91.2 mg (0.60 mmol) of 2c. The 

product 7a was obtained as a white solid (47.5 mg, 0.159 mmol, 53% yield) after purification by silica-

gel column chromatography (SiO2, CH2Cl2/hexane, 0:100–10:90).  

1H NMR (392 MHz, CDCl3, δ): 3.86 (s, 3H), 6.99 (d, J = 7.4 Hz, 2H), 7.08 (t, J = 3.6 Hz, 1H), 7.34 

(t, J = 3.8 Hz, 1H), 7.46 (d, J = 8.6 Hz, 2H). 13C NMR (99 MHz, CDCl3, δ): 55.5 (CH3), 108.3 (d, J = 

17.9 Hz, C), 114.3 (CH), 125.3 (t, J = 3.7 Hz, CH), 126.4 (C), 127.7 (d, J = 3.7 Hz, CH), 130.1 (d, J 

= 2.9 Hz, CH), 130.3 (d, J = 10.3 Hz, C), 147.3 (q, J = 22.7 Hz, C), 149.9 (q, J = 20.7 Hz, C), 159.9 

(C). HRMS-EI (m/z): [M]+ calcd for C13H9BrF2O, 297.9805; found, 297.9807. 
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2-Bromo-5-(4-methoxyphenyl)thiophene (7b). 

 

The reaction was carried out with 72.6 mg (0.30 mmol) of 1h and 91.0 mg (0.60 mmol) of 2c. The 

product 7b was obtained as a yellow solid (38.8 mg, 0.144 mmol, 48% yield) after purification by 

silica-gel column chromatography (SiO2, CH2Cl2/hexane, 0:100–20:80). 1H and 13C NMR were in 

agreement with the literature.10 

1H NMR (401 MHz, CDCl3, δ): 3.83 (s, 3H), 6.88–6.92 (m, 2H), 6.93 (d, J = 3.6 Hz, 1H), 6.99 (d, J 

= 3.6 Hz, 1H), 7.41–7.47 (m, 2H). 13C NMR (99 MHz, CDCl3, δ): 55.5 (CH3) 110.3 (C), 114.5 (CH), 

122.3 (CH), 126.7 (C), 127.1 (CH), 130.9 (CH), 146.0 (C), 159.6 (C). HRMS-EI (m/z): [M]+ calcd for 

C11H9BrOS, 267.9558; found, 267.9558. 

 

3-Bromo-4-(3,4,5-trimethoxyphenyl)thiophene (7c). 

 

The reaction was carried out with 72.6 mg (0.30 mmol) of 1i and 76.3 mg (0.60 mmol) of 2j. The 

product 7c was obtained as a white solid (60.2 mg, 0.183 mmol, 61% yield) after purification by silica-

gel column chromatography (SiO2, EtOAc/hexane, 0:100–20:80). 1H and 13C NMR were in agreement 

with the literature.2 

1H NMR (400 MHz, CDCl3, δ): 3.90 (s, 9H), 6.71 (s, 2H), 7.27 (d, J = 3.6 Hz, 1H), 7.37 (d, J = 3.6 

Hz, 1H). 13C NMR (99 MHz, CDCl3, δ): 56.1 (CH3), 60.9 (CH3), 106.2 (CH), 111.0 (C), 123.2 (CH), 

124.2 (CH), 130.6 (C), 137.6 (C), 141.8 (C), 152.9 (C). HRMS-EI (m/z): [M]+ calcd for C13H13BrO3S, 

327.9769; found, 327.9764. 
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1-{5-[2-(Naphthalen-2-yl)phenyl]thiophen-2-yl}ethan-1-one (9a). 

 

The reaction was carried out with 70.7 mg (0.30 mmol) of 1d. The product 9a was obtained as a white 

solid (65.9 mg, 0.201 mmol, 67% yield) after purification by silica-gel column chromatography  

(SiO2, EtOAc/hexane, 25:75) and recrystallization from Et2O. 

1H NMR (392 MHz, CDCl3, δ): 2.45 (s, 3H), 6.53–6.58 (m, 1H), 7.23–7.28 (m, 1H), 7.34 (d, J = 4.0 

Hz, 1H), 7.41–7.52 (m, 5H), 7.57–7.62 (m, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.78–7.86 (m, 3H). 13C 

NMR (100 MHz, CDCl3, δ): 26.5 (CH3), 126.1 (CH), 126,2 (CH), 127.6 (CH), 127.7 (CH), 127.9 

(CH), 128.0 (CH), 128.2 (CH), 128.5 (CH), 129.0 (CH), 130.6 (CH), 131.4 (CH), 132.3 (C), 132.4 

(C), 132.6 (CH), 133.3 (C), 138.5 (C), 140.9 (C), 143.6 (C), 152.0 (C), 190.6 (C). HRMS-EI (m/z): 

[M]+ calcd for C22H16OS, 328.0922; found, 328.0921. 

 

2-[2,3-Difluoro-4'-methoxy-(1,1'-biphenyl)-4-yl]benzo[b]thiophene (9b). 

 

The reaction was carried out with 81.6 mg (0.30 mmol) of 1g. The product 9b was obtained as a white 

solid (64.5 mg, 0.183 mmol, 61% yield) after purification by silica-gel column chromatography (SiO2, 

CH2Cl2/hexane, 0:100–40:60). 

1H NMR (392 MHz, CDCl3, δ): 3.78 (s, 3H), 6.78–6.83 (m, 2H), 6.97 (s, 1H), 7.12–7.21 (m, 3H), 

7.23–7.32 (m, 2H), 7.41 (dd, J = 8.1, 11.2 Hz, 1H), 7.63 (dd, J = 1.8, 6.7 Hz, 1H), 7.71 (d, J = 7.7 Hz, 

1H). 13C NMR (99 MHz, CDCl3, δ): 55.2 (CH3), 113.7 (CH), 119.4 (CH), 119.58 (CH), 119.61 (CH), 

122.0 (CH), 123.6 (CH), 123.8 (CH), 124.3 (CH), 129.8 (dd, J = 3.4, 6.4 Hz, C), 130.6 (CH), 131.4 

(C), 137.7 (dd, J = 3.7, 5.6 Hz, C), 139.7 (C), 140.4 (C), 141.6 (C), 148.1 (dd, J = 12.2, 68.6 Hz, C), 

150.6 (dd, J = 12.7, 70.9 Hz, C), 159.2 (C). HRMS-EI (m/z): [M]+ calcd for C21H14F2OS, 352.0733; 

found, 352.0732. 
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4''-Methoxy-2,4-dimethyl-1,1':3',1''-terphenyl (9c). 

 

The reaction was carried out with 70.8 mg (0.30 mmol) of 1f. The product 9c was obtained as a white 

solid (54.5 mg, 0.189 mmol, 63% yield) after purification by silica-gel column chromatography (SiO2, 

CH2Cl2/hexane, 0:100–60:40). 

1H NMR (392 MHz, CDCl3, δ): 2.29 (s, 3H), 2.37 (s, 3H), 3.84 (s, 3H), 6.97 (dt, J = 2.5, 9.2 Hz, 2H), 

7.08 (d, J = 7.6 Hz, 1H), 7.11 (s, 1H), 7.19 (d, J = 8.1 Hz, 1H), 7.25 (dt, J = 1.6, 7.6 Hz, 1H), 7.41–

7.47 (m, 1H), 7.48–7.58 (m, 4H). 13C NMR (99 MHz, CDCl3, δ): 20.5 (CH3), 21.1 (CH3), 55.3 (CH3), 

114.2 (CH), 124.9 (CH), 126.5 (CH), 127.6 (CH), 127.7 (CH), 128.2 (CH), 128.4 (CH), 129.7 (CH), 

131.1 (CH), 133.6 (C), 135.2 (C), 137.0 (C), 139.0 (C), 140.5 (C), 142.3 (C), 159.1 (C). HRMS-EI 

(m/z): [M]+ calcd for C21H20O, 288.1514; found, 288.1514. 

 

1-[5'-(4-Methoxyphenyl)-(2,2'-bithiophen)-5-yl]ethan-1-one (9d). 

 

The reaction was carried out with 72.6 mg (0.30 mmol) of 1h. The product 9d was obtained as a yellow 

solid (45.3 mg, 0.144 mmol, 48% yield) after purification by silica-gel column chromatography (SiO2, 

CH2Cl2/hexane, 0:100–100:0). 

1H NMR (392 MHz, CDCl3, δ): 2.55 (s, 3H), 3.85 (s, 3H), 6.93 (d, J = 7.6 Hz, 2H), 7.10–7.18 (m, 2H), 

7.24–7.28 (m, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.59 (dd, J = 0.9, 4.0 Hz, 1H). 13C NMR (99 MHz, CDCl3, 

δ): 26.5 (CH3), 55.4 (CH3), 114.4 (CH), 123.0 (CH), 123.6 (CH), 126.4 (C), 126.6 (CH), 127.1 (CH), 

133.4 (CH), 134.4 (C), 142.0 (C), 145.5 (C), 146.0 (C), 159.7 (C), 190.3 (C). HRMS-EI (m/z): [M]+ 

calcd for C17H14O2S2, 314.0435; found, 314.0431. 
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3-(4-Methoxyphenyl)-4-(3,4,5-trimethoxyphenyl)thiophene (10). 

 

The reaction was carried out with 72.6 mg (0.30 mmol) of 1i. The product 10 was obtained as a white 

solid (57.7 mg, 0.162 mmol, 54% yield) after purification by silica-gel column chromatography (SiO2, 

EtOAc/hexane, 0:100–20:80) and GPC. 1H and 13C NMR were in agreement with the literature.2 

1H NMR (392 MHz, CDCl3, δ): 3.65 (s, 6H), 3.79 (s, 3H), 3.85 (s, 3H), 6.40 (s, 2H), 6.82 (dt, J = 2.4, 

9.4 Hz, 2H), 7.14 (dt, J = 2.5, 9.2 Hz, 2H), 7.25 (d, J = 3.1 Hz, 1H), 7.31 (d, J = 3.6 Hz, 1H). 13C NMR 

(99 MHz, CDCl3, δ): 55.2 (CH3), 55.8 (CH3), 60.9 (CH3), 106.1 (CH), 113.5 (CH), 123.20 (CH), 

123.24 (CH), 129.0 (C), 130.2 (C), 132.0 (C), 136.9 (C), 141.3 (C), 141.5 (C), 152.7 (C), 158.6 (C). 

HRMS-EI (m/z): [M]+ calcd for C20H20O4S, 356.1082; found, 356.1071. 
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---- PROCESSING訟見渥：TERS ---­
de balance (0, F江SE)
s西（0.2[Hz), O.O[s)) 
trapezoid3 (0［も］，80［も），100［も］）
zerofill (l) 
£ft(l、匹UE,匹lJE)
=chinephase 
ppm 

以下に由来：：SE0-808-1-p=e-l. jdf 

FHen可= = SE0-808-1-pue-2. jdf 
Author - e1吋ent
Experiment = sing1e_yヰse.ex2
Samp1e _ Id = S#438187 
So1v=t - CBLOROFORM-D 
Actual St=t T- = 29-M泣—2019 19,27,54 

· - -
Revュsュon Tュ= = 25-uUL-2019 20,41,28 

c-「mt

Data Foェ=t
Dim Size 
X D<而っ和
Dュm Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

= 9.20197068(T] (390函z])
= 2.228224[s] 
= 1E 
= 391. 78655441 [MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0. 44878791 (Hz] 
= 7. 35294118 [kHz] 
= lH 
= 391. 78655441 [MHz] 
= 5[ppm] 
= lH 
- 391. 78655441 [MHz] 
= 5[ppm] 
= FALSE 
= 8 

= 8 

= 5[s] 
= 46 
= 20.6[dC] 
= ll.04[us] 
= 2. 228224 [s] 
= 45[deg] 
= l.9[dB] 
= 5.52[us] 
= Off 
= Off 
= F江SE

S28



5 .I
 2 

寸 ．I
2 

E .I
 

2 

t .
I

z 

き

こ

ご

0 .
[
 

6
.
o

 

00 .
o

L .
o

9·
0
 

s .
o

＜ ．
o
 

•
•

 -

s·
o
 

z·
o
 

·
o
 

o
 

g
u
n

p
u
n

qa
 

こ

塁

r←険2.

：
韮

/
1
]
 

---- PROCESSING PAR巫•TERー---­
de bal=ce (0, FALSE) 
s西（2.0[Bzl, O.O[s)) 
trapezoid3 (0［も］，80［も］，100［も］）
zerofill (1) 
£ft(1, TRUE 、 TRUE l 
皿ohinephase
ppm 

以下に由来：：SE0-808-1-p=e-13C-l. jdf 
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Author = e1-nt 
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Revision Tu,e = 25-JUL-2019 20,43,56 
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---- PROCESSING PARAMETERS----
dc_baJ.匹ce(0, F江SE)

sexp(0.2[Hz], O.O[s]) 
trapezoi.d.3(0［%], 80[%], 100［も］）

zerofil
l

(1) 
fft (1, TRUE, TRUE) 

=chinephase
p 

以下に由来：：SE0-783-2-p ure-lH-1.jdf

Fi lゃnっmo = SE0-783-2-pu.re-lH-2. jd£ 
Au thor = e1ement 
Exper江nt

= = 
s

S
i#n5g3l11e_y

28 
ulse.ex2 

S-le_Id 
Solv=t = C可＾ROFORM-D

Actual. S
t
a rt Time= 17-'匹-2019 22:04:17 

Revisュ.- on -Time · - = 25-JUL-2019 20:28:57 

C1mm二nt = 
= S1iD nC

g1OMPe-pLEuX 1se 
D ata Foェ=tDim Size = 13107 

X
DD

D
im im 

i
meかmU

T

n

in叶
s

tli
i
nt

o

e 
ns 

s 

= lB 
= 1H 
- [ppm] 
�x 

Sit e = ECS 400 
Spectェ〇碑ter = J泣—ECS400

Fi eld_ Stre
n

gth = 9. 201970 68 [T] (390 (MHz]) 

X
X

X 
X X 
X 

紅応FO
P

P

r
ff

o
r

文

mai
e

i
e

qns

s

→D
et

＾

ヰn
t 

s 

ョn 

a

C 

ti
o

n 
= 2.228224[s] 
= 1E 
= 391. 78655441暉z]
= S[ppm] 
= 16384 
- 1 

X Resolution = 0.44878791[Bz] 

X 工
r

rS
_wDee

omai
p n = 7.35294118tk:s:z] 

= 1B 

工工ヰ
ヰ

F r
Ofefq 

set
= 391.7865544l[MRz] 
= 5[ppmJ 

TT
T
C

l

r
rr

i 
ii i_p

p

D

FO

o

m

ai
r
ff

e

e

d 
q se

n 
t 

= 1ロ
= 391.7865544l[t-mz] 
= 5[ppm] 
= FALSE 

s＾⇒n・ = 8 
Total sc=s = 6 

Relaxati.on_Delay = 5Is] 
Recvr Ga in = 50 

X 

T四9写0）ーW
Geitdth 

= 19.1[dC] 
= 11. 04 [us] 

Xx_Ac知生g1Teヰぬ = 2.228224[s] 
= 45[deg] 

X 
X 

A
Pul.
tn se 

"" L 9 [dB] 
= 5.52［us] 

工rr Mode = Off 
Tri Mode = Off 
D=te Presat ＝四SE
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---- PROCESSING訟寧TERS ---­
de bal=ce(O, FALSE) 
s西（2. O[Hzl, 0. O[s]) 
trapezoid3 (0［も］，80［も］、100［も］）
zerofill (1) 
fft(1,匹UE,匹UE)
=chinephase 
ppm 

以下に由来：：SE0-783-1-p=e-13C-1. jd£ 

4'-6 .
o

oo .o
 
L .
o

9·
0
 

5 .
o

:; 

＜ ．
o
 

c .
o

t .
o
 

全
l34.0 133.0132.0 l3LO130.o i29.o l28.o l27.o l26.o l25.0 l240 l23.o 

I 11 I I I 
国且国国 日ぎ 言

x.p示下ごM出ぷ·1究 2 2 こ

·
ー
a
·”1

 
＂

 
-
＿
＿
�

 

I .
o

o
 

8
u
c

p
u
n

qc
 

220.0 200.0 180.0 

ULI.
65
 

。゚6
 
ー 100.0 

蕊 ．
9L

0

\
09I .
LL
 

0

)
voo
ご`
L

8
 

X : parts per Million : 13C 

96
£"
»
 

゜゚6
 

40.0 。

I
O

 
2

 
。

Filen可oo = SE0-783-1-p=e-13C-2. jdf 
Author = e1eoont 
号eriment = sing1e _yu1se _ dee 
s�叩1e_Id • 1 
So1v=t · 

= Cエ<>ROFORM-D
Actual Start Tュ= = 17-lク心�ー2019 22,10,11 
Revision Time = 25-J皿—2019 20,29,56 

co-nt 
Data Fo=ュt
Dim Size 
XD呵ain
Dim TiUe 
Dim Units 
Dimensions 
Site 
Spectr-ter 

= single pulse decoupled ga 
= 1D COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm] 
=X 
= ECS 400 
= JNM-ECS400 

Field_Strength 
X_Ac<t._D=ation 
X Dom吋n
X Freq 
x Offset 

X Points 
X Presoans 
X Resolution 

XS浜ep
工工工ooma,_n
工＃Freq
工ヰ Offset 
Clipped 
s^ans 
Total Soans 

1
1
1
1 

Rel=atュon Delay 
Re= Gain 
咋叩＿Get

X 90 Rュdth戸―
Ac元Time

-20.0I xこ知gle
X Atn 
X Pulse 
I= Atn Dec 
工ヰAtn Noe 
工rr Noise 
Decouplュng
InitiaJ. Wait 
Noe 

140.0 . 120.0 

)／］＼``＼ 
百 5 日思召包怠号怠
g巴巴己色苔旦旦巳

= 9. 20197068 [Tl (390 [MHz]) 
= l.06430464 [s] 
= 13C 
= 98.51479726［碑z]
- 100[ppm] 
= 32768 
= 4 
= 0.9395806l[Bz] 
= 30. 78817734 [kHz] 
= lB 
= 391. 78655441 [MHz] 
= 5[ppm] 
= F _1'LSE 
= 30 
= 30 

= 2[s] 
= 60 
= 19.3[dCJ 
= 9.ll[us] 
= 1.06430464[s] 
= 30 [deg] 
= 4.9[dBJ 
= 3. 03666667 [=] 
= 22.255 [dB] 
= 22.255[dBJ 
= W江TZ
= TRUE 
= 1[s] 
= TRUE 
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Fie1d Strength 
X _ Acq_Duration 
x応m9和
X Freq 

X Offset 
X Points 
X Pres＾=s 
X Reso1ution 
X Swe守
工rr Domain 
Irr_Freq 
Irr Offset 
Tri D^ain 
Trユ＿Freq
Tri Offset 
Ciipped 
so=s 
Total S=s 
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3.0 2.0 1.0 

= sing1e _yu1se 
= 1D COMPLEX 
= 13107 
= 1五

= 1H 
- [ppm] 
=X 
= ECX 400P 
= DELTA2 NMR 

Relaxation Delay 
Re=r Gain 
匹叩主t

X 90 Width 
X_Ac"---Time 
X Angle 
X Atn 

X l?uJ.se 
IrェM
Tri Mode 
D=t• Presat 

0
,9

ー

000'
0

ー

6
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---—匹OCESSING訟寧匹邸—--­
de bal=ce(0, F江SE J 
s西(0.2[Ezl, O.O[sJ) 
trapezoid3 (0（もJ 、 80［もJ, 100［も］）
zerofill (l J 
fft(l, TR匹，TR匹）
m.^｝、ineph=e
ppm 

以下に由来：：SE0-829-l-puェe-lE-l.jdf

FiLon吋oo = SE0-829-i-p=e-iH-2.jdf 
Author = ei-nt 
Exp=iment = singie_yul.se. ex2 
S四opie_Id = i 
soivent - CHLOROFORM-D 
ActuaJ. St=t Ticme = 18-JTJN-2019 00,11,43 .― ― 

R=isュon Ticme = 25-JUL-2019 20,50,47 

c-←nt 
Data Foェ=t
Dim Sュze
X Doo臼in
Dュm Titie 
Dim Units 
Dimゃn•ュons
sュte
Spectra吟te

= 9.2982153 [Tl (400 [M日z]）
= 2.20725248[8] 
= 1H 
= 395. 88430144 [M五z]
= 5[ppm] 
= 16384 
= 1 

= 0. 45305193 [Hz] 
- 7. 42280285 [kBz] 
= 1五

= 395. 88430144 D姐z]
= 5[ppml 
= 1H 
= 395. 88430144 [MHz] 
= S[ppml 
= FALSE 
= 8 
= 8 

= 5[Sl 
= 38 
= 20.8[dC] 
= 13.2[us] 
= 2.20725248[8] 
= 45 [deg] 
= 3.5[dBl 
= 6.6[us] 
~ Off 
= Off 
= FALSE 
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---—匹0匹ssヰG訟寧TERS ---­
de b吐=ce(o, FALSE) 
s西(2.0[HzJ, O.O[sJ) 
tごapezoid3 (0 I% l, 80［も］，100［も］）
zerofill (1) 
fft(1,匹皿，匹環）
maohinephase 
ppm 

以下に由来：：SE0-829-1-p匹e-13C-2.jd£

Fil� = SE0-829-l-pure-l3C-3.jdf 
Author = el=t 
Experiment = single _;;,ulse _ dee 

Sample_ Id = l 
Solvent - CfilOROFORM-D 
Acヤual Start Time = l8-01JN-20l9 00,44,52 
Revision Ti,匹, = 25-JUL-2019 20,52,37 

Comment 
Data Foエ立直t
D江Size
X Dom叶n
Dュm TiUe 
Dim Units 
Dimensュons

Site 
Spectr�胆ter

Field Strength 
X _ AcS{_Duration 
X Domがn
X Freq 
x Offset 
X Points 
X Pres^つn•
X Resolution 
X S匹ep
Irr Domain 
Irr Freq 
I= Offset 
Clipped 
Soans 
Total. S^ans 

Re1=tion_De1ay 
R・し..... r—ain 
T年更亙et
X 90 Width 

; ‘ ’’ '9 ‘ , 戸-Ac'L:ime
-20.01 XJ匹l:e

X Atn 
X Pu1se 
工rr Atn Dec 
Irr Atn Noe 
工rr Noise 
De=up1ing 
工niャia1 Wait 
Noe 

= singie pulse decoupied ga 
= iD COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm] 
=X 
= ECX 400P 
= DELT立NMR

= 9.2982i53[T] (400[MHz]J 
- 1. 048576 [s] 
= 13C 
= 99. 54517646 [MHz] 
= lOO[ppm] 
= 32768 
= 4 
= 0. 95367432［五z]
= 31.25[kRz] 
= lH 
= 395. 88430144 [MHz] 
= 5[ppm] 
= FALSE 
= 100 
= 100 

= 2[s] 
= 50 
= 21.3[dCJ 
= 10.l[us] 
= l.048576[s] 
= 30 [deg] 
= 3.4[dBJ 
= 3.36666667[us] 
= 22.3[dB] 
= 22.3[dBJ 
= ""1.TZ 
= 1Ku,. 
= l[s] 
＝四UE
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Filen可= = SE0-743-1-pure-lE-2.jdf 
Author = el=t 
Exp紅ヰ迫nt • s江gle_yulse. ex2
S紅叩le_Id = 5#313690 
Solvent = CELOROFORM-D 
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C�t 
Data Foェmat
Dim Size 
X Do=in 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectr-ter 
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x:pぶ芦泌脳i·lH

Field_ Strength 
X_Ac叉Duration
X 応main
X Freq 
x Offset 
X Points 
X Preso=s 
X Resolution 
X Sweep 
Irr D^ain 
Irr_Freq 
工rr Offset 
Tri D^ain 
Tri Freq 
Tri Offset 
ciipped 
s＾っn・

Tota1 S＾コn・
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---- PROCESSING PARAMETERS ---­
de bal=ce [ 0, FALSE) 
s西[ 0.2[HzJ 、 O.O[sJ)
trapezoid3 (0［もl, BO［も］，100［も］）
zeェofill(1)
fft(1，匹虚，匹匹）
=chinephase 
ppm 

以下に由来：：SE0-743-1-p匹

= sing1e..J?ヰse
= 1D COMPLEX 
= 13107 
= 1● 
= 1五
= [ppm] 
=X 

= ECX 400P 
= DELv.2 NMR 

= 9.2982153[T] (400[MBz]) 
= 2.20725248[$] 
= 1E 
= 395. 88430144 [MHz] 
= 5[ppm] 
= 16384 
= 1 

= 0. 45305193［五z]
= 7. 42280285 [kHz] 
= 1H 
= 395. 88430144[MHz] 
- 5[ppm] 
= 1E 
= 395. 88430144 [MHz] 
- 5[ppm] 
= FALSE 
= 8 

= 8 
1 [ i1 れ 、比―― = S[s] 

= 38 
= 19.9[dC] 
= 13.2[us] 
= 2.20725248[s] 
= 45 [deg] 
= 3.S[dB] 
= 6.6[us] 
= Off 
= Off 
= F江SE

Rel=tion De1ay 
Re=エGain
Temp玉t
X 90 Width 
X_Ac'l._Time 
X Ang1e 
X Atn 

x恥1se
rrr Mode 
Tri Mc、de
Dante Presat 

0
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000.o
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|
E
5
S.
l
 

8.0 7.0 6.0 
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X : parts per Million : lH 

5.0 4.0 3.0 2.0 1.0 
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---- PROCESSING PA応O<ETERS ---­
do bal=e (0, FALSE) 
s西(2.0[Hzl, O.O[s]) 
trapezoid3 (0［も］，80［も］，100［も］）
z年ofill(l)
fft(l, TRUE, TRUE) 
=chinephase 
ppm 

以下に由来：：SE0-743-1-p=e-13C-1. jdf 
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X: parts per Million: 13C 

60.0 40.0 20.0 ゜

Fil=可= = SE0-743-1-pu咋—13C-2. jdf 
Author = el=t 
Experiment = single_;,ulse_deo 
s�屯,leエd = 1 
Solv=t = C立OROFORM-D
Actual St=t Tュ= = 21-MAY-2019 17, 07, 45 

.- -· -
Revisュon Time = 25-JUL-2019 21, 39, 12 

た打m二nt
Data Foェ=t
Dim Sュze
X Dn=in 
D五n Title 
D江Units
Dimensions 
Site 
Spectro=ter 

Field_ Strength 
X _ Ac<t_ Duration 
x p -̂m9in 
X Freq 
x Offset 
X Points 
X Pres=s 
x 距solution
X sweep 
Irr Do=in 
Irr_Freq 
Irr Offset 
Clipped 
Scans 
Total S=s 

四=tion Delay 
Re= Gain 
T-亙et
X 90 Wユdth
X_Ac<L_Time 

-20.0I X=Ang1e 
X Atn 
X Pulse 
工rr Atn Dec 
工rr Atn Noe 
工rr Noise 
De=upling 
工nitial Wait 
Noe 

= sing1e pu1se decoupled ga 
= 1D COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm] 
=X 
= ECX 400P 
= DELTA2 NMR 

= 9.2982153[T] (400［泣z])
= 1. 048576 [s] 
= 13C 
= 99.54517646[M口z]
= lOO[ppm] 
= 32768 
= 4 

= 0. 95367432 [Hz] 
= 31.25[kHz] 
= 1E 
- 395. 88430144 [MHz] 
= 5[ppm] 
= FALSE 
= 14 
= 14 

= 2[s] 
= 50 
= 20.2[dCl 
= 10.l[us] 
- l.048576[s] 
= 30 [deg] 
= 3.4[dB] 
= 3.36666667[us] 
- 22.3[dB] 
= 22.3[dB] 
= WALTZ 

＝士ROE
= l[s] 
＝士ROE
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Filen可� = SE0-797-1-pure-lH-2.jdf 
Author = eJ.可·nt
Experiment - = sing1e _p叫．se.ex2
s....,1.エd = S●441064 
So1vent = CHLC、ROFORM-D

知tua1 Start Time = 18-MAY-2019 19, 34, 04 
Revision Time = 25-JUL-2019 21,21,23 
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---- PROCESSING PARAMETERS ---­
de ba1=ce (0, FALSE) 
s西（0.2［正］，O.O[s])
trapezoid3 (0［もl, 80［も］，100［も］）
z=ofil1(1) 
fft(1, TRUE,匹UE）
ma^hhャ,phase
ppm 

以下に由来：：SE0-797-1-p江e-1R-1.j年

c-ent 
Data Foェ=t
Dim Size 
X Do=in 
Dim Title 
Dim Units 
Dimensions 
sュte
Spectェ-ter

Field Strength 
x知'LDuration
Xかmつin
XFreq 

X Offset 
X Points 
X Pres=s 
X Resolution 
X Sweep 
工rr Domain 
工ェr Fェeq
工rr Offset 
Tri D^ain 
丘i-Freq
Tri Offset 
Clipped 
s＾ans 
Tota1 S＾ans 

たlaゃtion D•lay 
R•= Gain 
匹叩＿Get
X 90 Width 
xー入c生立ヰ迫
X Ang1• 
X Atn 

X PuJ.se 
工ヰMode
Tri Mode 
Dant• Pr•sat 

= single立uJ.se
= 1D COMPLEX 
= 13107 
= lH 
= lH 
= [ppm] 
=X 
= ECS 400 
= 3氾一ECS400

= 9.20197068[T] (390［碑zl]
= 2.228224[s] 
= lB 
= 391. 78655441 [MHz] 
= S[ppm] 
= 16384 
= 1 
= 0. 44878791 [Bz] 
= 7. 35294118 [kHz] 
= lB 
= 391. 78655441 [MHz] 
= 5[ppm] 
= lB 
= 391.7865544l[M口z]
= 5[ppm] 
＝ F江SE
= 8 
= 8 

= S[s] 
= 50 
= 19.2[dC] 
= ll.04[us] 
= 2.228224[s] 
= 45[deg] 
= l.9[dB] 
= 5.52[us] 
= Off 
= Off 
＝ F江SE
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Fil=可= = SE0-797-l-p=e-13C-2.jd£ 
Author = el-nt 
Experiment = singleyulse_dec 
s�写》le Id = 1 
Sol砥t =咋LOROFORM-D
Actua1 Start Time= 18-Mlcr-2019 19,39,33 
Revision Time = 25-JUL-2019 21,24,18 

= single pulse decoupled ga 
= 1D COMPLEX 
= 26214 
= l3C 
= 13C 
= [ppm] 
=X 
= ECS 400 
= JNM-ECS400 
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---- PROCESSING P寧"RS ---­
de ba1ance (0, F四E)
s西(2.0［五z], 0.0[s]) 
trapezoid3 (0［も］、 80［も］， 100［●］）
zerofill (1) 
fft(1 、 TR写，TR匹）
皿achinephase
ppm 

以下に由来：： SE0-797-1-p立e-13C-1. jdf 

C�nt 
Data Foェ=t
D江Size
X Do=in --Dュm Title 
Dim Units 
Dimensions 
Site 
Spectr�垣ter

z .
o

I .
o

゜8
u
e

p
u
n

q
e

 
210.0 190.0 

X : parts per Million : 13C 

170.0 

Field_Strength 
X_Ac«...D匹ation
x杞m叶n
X Fェeq
X Offset 
X Points 
XPェes＾つn・
X Resolution 
X Sweep 
工工工D^ain
工=_Freq
工工工 Offset 
C1ipped 
s＾つNS
Total Scans 

Rel=ation Delay 
Re=ェGain
咋叩ゑt
X 90 Width 
x-Ac生Time
x心gle
X Atn 
X Pul.se 
云r Atn Dec 
工rr Atn Noe 
工ヱ工Noise
Decoupling 
Initial Wait 

Noe 

150.0 130.0 110.0 

I�晨＼＼
認 尻品ぶに苫迄に等 ；；； o cゞr卜←l - C Cl トg 図；；；釦存怨百記2 呂- - - - - - - - -
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30.0 10.0 -10.0

= 9. 20197068 [Tl (390[MHz]） 
= 1.06430464[s] 
= 13C 
= 98.51479726[MHz] 
= lOO[ppm] 
= 32768 
= 4 
= 0.93958061[Hz] 
= 30. 78817734 [kHz] 
= lH 
= 391. 78655441 [MHz] 
= 5[ppm] 
= FAエ,SE
= 32 
= 32 

= 2[s] 
= 60 
= 19.4[dC] 
= 9.ll[us] 
= 1.06430464[s] 
= 30 [deg] 
= 4.9[dB] 
= 3. 03666667 [us] 
= 22.255[dB] 
= 22.255[dB] 
＝四TZ
= ·l•KuL 
= l[s] 
= TぷOE
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---- PROCESSING PAR>METERS ---­
dc ba1匹ce(O, FALSE) 
sふや(0.2[Bz], O.O[s]) 
trapezoid3 (0 Iも］，80［も），100［も［）
zerofill (1) 
fft(1 、 TRUE, TRUE) 
machinephase 
ppm 

以下に由来：：SE0-757-1-puェe-lB-1. jdf 
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Fi1en可� = SE0-757-1-pure-1B-2.jdf 
Author = e1=t 
Experヰ碑nt = sing1e yu1se. eェ2
S牢叩1e＿エd = S#539971 
So1vent - Cl!LOROFO函—D
知tual Start Time = 17-M泣—2019 22,19,13 
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- -· -Revision Ti,匹, = 25-JUL-2019 21, 15, 03 
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c-t 
Data Fo-t 
Dュm Size 
X Domain 
Dim Title 
Dim Units 
Dimen勺ons
Site 
Spectェ-ter

Field_ Strength 
X _ Acs:_Duration 
XD呵叶r
XFreq 
X Offset 
X Points 
X Pres＾吋やC
X Resolution 
X S.-ャ・

工rr Domォin
工rr_Freq
工rr Offset 
Tri n-和
Tri Freq 
Tri Offset 
Clipped 
s^ans 
Total S＾ans 

Rel=ation Delay 
Recvェr-aio

-- Temp玉t
X 90 Width 
X_Aos:_Time 
X Angle 
X Atn 
X Pu1se 
工rr Mode 
Tri Mode 
Dante Presat 

= single _yulse 
= 1D COMPLEX 
= 13107 
= lH 
= lH 
= ［P戸］
=X 
= ECS 400 
= uNM-ECS400 

= 9.20197068[TJ (390[MBzJJ 
= 2_228224 [sJ 
= lH 
= 391. 78655441 [MBzJ 
= 5[ppml 
- 16384 
= 1 
= 0. 44878791 [Hz) 
= 7. 35294118 [kHz] 
= lH 
= 391. 78655441 [MHz) 
= 5[ppml 
= 1五
= 391. 78655441［碑叫
= 5[ppmJ 
= FALSE 
= 8 

= 8 

= 5[sJ 
= 52 
= 19.1［如J
= ll.04[usJ 
= 2_228224[s] 
= 45 [deg] 
= l.9[dB] 
= 5.52[usJ 
= Off 
= Off 
= F3エ,SE
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---- PROCESSING PAR碑TERS ---­
de balance [ 0, FALSE) 
s函p(2.0[Ezl, 0.o[S] ］ 
trapezoid3 (0(%1, BO［も］，100［ら］）
zerofill (1) 
fft(1、TRUE, TRUE) 
m血nephase
ppm 

以下に由来：：SEO-757-1-pure-13C-1. jdf 
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124.0 

Fユ1勺1可me = SE0-757-1-pure-13C-2.jd£ 
Author = element 
Exp=iment = s土ngleyulse_dec
S-le_Id - 1 
Solv=t = CHLOROFORM←D 
Actual St=t Ti.me = 17-M江-2019 22,24,45 
Revision Time = 25-.JUL-2019 21,17,02 
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50.0 30.0 10.0 -10.0

co-nt 
Data Foェmat
Dim Size 
X Do-n --
Dュm Titie 
Dim Units 
Dimensions 
Site 
Speotrrn年ter

= sing1e pulse decoup1ed ga 
= 1D COMPLEX 
= 26214 
= 13C 
= 13C 

= [p四］
=X 
= ECS 400 
= JNM-ECS400 

Field Str血gth
X_Acq_Duration 
X Domain 
X Freq 
X Offset 
X Points 
X Pres＾コT・
X Resolution 
X Sweep 
工rr Domain 
工rr_Freq
工rr Offset 
Cl.ipped 
S＾ans 
Total Scans 

ReI=tion Delay 
Re=ェr-＇”
Temp豆et
X 90 Width 
X_Ac«._Tヰ迫
X Angle 
X Atn 
x和lse
工rr Atn Dec 
工rr Atn Noe 
工rr Noise 
Decoupling 
工ヰtia1 Wait 
Noe 

= 9.20197068[T] (390[M口z]l
= l.06430464[s] 
= 13C 
- 98.51479726[MBz] 
= 100 [ppm] 
= 32768 
= 4 
= 0. 93958061 [Bz] 
= 30. 78817734 [kHz] 
= lB 
= 391. 7865544l[MBZ] 
- S[ppm] 
＝四SE
= 39 
= 39 

= 2[s] 
= 60 
= 19.4[dC] 
= 9.ll[us] 
= l.06430464[s] 
= 30[deg] 
= 4.9[dB] 
= 3.03666667[us] 
= 22.255[dB] 
- 22.255[dBl 
= W>.LTZ 
= LKU£ 
- l[s] 
＝四UE
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---- PROCESSING訟細四R

S
---

d
e se,;p

bal

(
=
0.c2

e 

[B
(z 0, FALSE) 

exp ], O.O[sl) 
trapezoid3(0［も］、80［も］，100［もl)

zerofi.l.l. (1) 
fft(l,四UE,四匹）
ma→mn勺h印

s
e

ppm 

以下に由来：：SE0-812-1-pure-1H-l.jd£

Fュ1� = SE0-812-1-pヰe-lB-2.jdf
Aut

h
or = e10mont 

F・ヤ°コ-̂i
m
ent = 

= 
1 si

n
g1e _yu1se．立2

S
S工olvl=e＿tエd

= rFTイ RヽDFORM-D
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R e
vitual. sion 
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T
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e t Ti.me= 6-J口N-2019 16:39:43 

= 25-JUL-2019 21:55:27 
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S＾ans 
Total $＾っnc

= sl
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ing
C
lOMPe _yLEu

X 
lse = COMPLEX 

= 13107 
= lH 
- lH 
= [ppm) 
=X 
= ECX 400P 
= DEL匹2-NMR

= 9. 2982153 [Tl (400 [MHz]) 
= 2.20725248[sJ 
= 1E 
= 395.88430144[MHz] 
= S[ppm] 
= 16384 
= 1 
= 0.45305193IHz] 
= 7.42280285[kBz] 
= 1E 
= 395.88430144[M五z]
= 5[pp

m
] 

� 1B 
= 395.88430144[ME:z] 
= 5[ppm] 
= F0工竺E
= 8 
= 8 

R
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X 
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忌
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n n 
De

lay 
= 5 [s] 

= 38 
= 21.2[dC] 
= 13.2[u s] 
= 2.20725248[s] 
= 45 [degl 

X 
X 

D

工
T

rr

=

APulr
i t

n 

t

↑
Mo
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!ose 
dde 

P
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esat 

= 3.5(dB] 
= 6.G[us] 
= Off 
= 0ff 
= E吐-SE
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---- PROCESSエNG PARAMETERS ---­
de balance (O,四SE)
s西（2.0［口zl, O.O[sJ) 
trapezoid3 (0［もl，80 ［も］，100［毛J)
zerofill (1) 
fft(1, TRUE, TRUE) 
machin呵ph.ase
ppm 

以下に由来：：SE0-812-1-p江e-13C-1.jdf 

Filen- = SE0-812-1-p=e-13C-2.jd£ 
Author - el=t 
Experiment = single _yulse _ dee 
S立叩le_Id = 1 
Solvent = CHLOROFORM-D 
Actual St=t Time= 6-JUN-2019 16,50,08 
Revision Time = 25-JUL-2019 21,59,47 

C�t 
Data Foェmat

-
． D江Size

X Domain 
Dュm TiUe 
Dュm Units 
Dimensions 
Sユ七e
Spectro=t= 

= single p叫se decoupled ga 
= 1D COMPLEX 
= 26214 
= 13C 
~ 13C 
= ［ppm] 
=X 
= ECX 400P 
= DELTA2 NMR 
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Field_ Strength 
X_Ac叉_Duration

X Dom而
X_Freq 
x Offset 
X Points 

X Pres＾っnc
X Resolution 
x_swe• 
工rr D^ain 
工rr_Freq
工rr Offset 
Clipped 
s＾っn-
Total S＾=s 

-9Htm
 

\
gg

•
一
t
~ �
9
"
­

gg990-

1

5
9
t �

g
-

1
哀
g

o

tt6•
ざ

0

3

 

3

1

 

I

��
 

L
E
E
{
C
-

OO
 

�，
 

I
 

ー
岳

ふfp�· 

g9C �u
nX
 

Re1匹cation_De1ay
Re=エG吐n
咋匹》ーGet
X 90 Width 

-戸:Ac元年ime
-20.0 I X: Angle 

X Atn 
X Pulse 
Irr Atn Dec 
Irr Atn Noe 
Irr_Noise 
Decoupling 
Initial W吐t
Noe 

I 

し し9'T3 9 

180.0 160.0 140.0 120.0 100.0 

-
m o oo m m o OO 寸 N O C m - m 寸卜 0 0 
マ0 - 0 0 ← 0 ← N S o m N o m m m -0 0 ← Cぃm N O O m d oべ寸d ← m m 
- O O O O O OO CO cc oo r` ° ̀  V V - - O 
m m m m 寸寸寸寸N N N N N dペベN Cl - - - - - - - - - - - - - - - - - -

X : parts per Million : 13C 

= 9.2982153[T] (400[MHz]) 
= 1.048576[s] 
= 13C 
= 99.54517646[Ml!z] 
= 100 [ppm] 

= 32768 
= 4 

= 0. 95367432 [Hz] 
= 31.25[kBz] 
= 18 
= 395. 88430144 [MHz] 
= 5[ppm] 
=F江SE
= 22 
= 22 

- 2[s] 
= 54 
= 21.5 [dC] 
= 10.l[us] 
= 1. 048576 [s] 
= 30[deg] 
= 3.4[dB] 
= 3. 36666667 [us] 
= 22.3[dB] 

= 22.3[dBl 
= WALTZ 

＝四tlE
= l[s] 
＝匹OE
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---- PROCESSING PAR碑匹RS----
d

e sふ
b al（

=
0.c2

e

[H
(z 0, FALSE) 

exp ], O.O[s]) 
t rapezoid(0［も］，0［も］，80［を］，100［%])
z

e
rofi11(1) 

ff t(1, TRUE, TRUE) 
=chineph

a
se 

ppm 

以下に由来：：SE0-713-2-pure_Proto
n

-1-1.jdf

Fil� = SE0-713-2-pure_Proton-1-2 
Autho

r 
• el-—nt 

F、可、~が`、 iment = proton. j xp 
Ss匹oi中v1=eー

t
エd = SE0-713-2-pure 

= C可＾ROFORM-D

知Rev
tui

a
lsion 

Start Time 
Tim

e
= 12-APR-2

0
19 17:10:48 

= 25-JUL-2019 21:42:47 

Comment 
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D
D
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X 
Pr

e

scans 
X R

e
solution 

= s1
D 

ing
C
l
O匹e_yLEul

X 

s
e 

= co匹LE
X= 13107 

- Proton 
= Pro

t
on 

= [ppm] 
= x 

= DEL匹'2
_
NMR

= 9.4073814['I'］ （400[MHz]) 
= 2.18103808[sJ 

= 1H 
= 400.53219825[M日z]

= S[ppm] 
= 16384 
= 1 
= 0.45849727[Hz] 

X 
X 
I

-_r___ r 
S

swe
w-

De
eeop 

p 
m

ai
n ---_ C. lipp

e
d 

= 7.51201923［紐:;::]
= 6.00961538[kHz] 
= Proton 

I
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p

D

p
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FO
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ff
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e

e
eq f
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q 
s

s

ee
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n t 

""400.53219825[MHz] 
= 5[ppml 
- Proton 
= 400.53219825[MEz] 
= S[ppm] 
- FALSE 

scas = 8 
Total S＾コn・ = 8 

R

R
X 

x

X 

匹
_

el
e⇒止

An

c

9
0
=v＿x 
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g
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W

1

t
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ー
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d

ain 

辛

o

t
h 

n De
lay = 51s] 

= 44 
= 19.6[dC1 
= 6 [usJ 
= 2.18103808[s] 

= 45Ideg] 
X Atn = O.S[dBl 

X 

D

TIrr
=

P
,

r 

i 

t

ヰMo

de
M• o吟

P

de r
e
sat 

= 3[us] 
= Off 

= Off 
= FALSE 

S42



L .o

9·
0
 

C) 

5.
o

―

―

 

＜ ．
o
 〗

 

E .
o

= single pulse decoupled ga 
= lJ) COMPLEX 
= 26214 
= 13C 
= 13C 
- [ppm] 
=X 
= ECS 400 
= JNM-ECS400 

142�O l41�O lめ�0 939·o l3&0 939�0 136�o l35�O l34�o i339 l320 l3LO I30�o 129�0 128�o l299 926·O l硲�0
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---- PROCESS頂G PARAMETERS ---­
de baJ.ance (0, FALSE) 
s西(2.0[Bz], O.O[s]) 
trapezoi匹( 0［も］， 80［ら］、100［も］）
zerofill (1) 
fft(1, TRUE, TRUE) 
=chinephase 
ppm 

以下に由来： ： SE0-713-2-pure-13C-l. jdf 

Filen可oe = SE0-713-2-pure-13C-2.jdf 
Author = el=ゃnt
Experiment = single _yuJ.se _ dee 
s四干1e-Id = 1 
Solvent = Cl!LOROFORM-D 
Actual_Start_Time = 13-APR-2019 01,06,22 ．一Revュsュon Time - 25-JUL-2019 21, 48, 57 

r 9999記nt
Data Fo=ュt
Dim Size 

X Domain 一Dュm Title 
Dim Units 
Dim•"々ions
Site 
Spectrometeェ
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X : parts per Million : 13C

60.0 40.0 

I
N
0
8.
6
 

゜2゚ ゜

Field Stren­
x紅文―Duration

X Do=in 
X Freq 

X Offset 
X Points 

X Presc=s 
X Resolution 
X sweep 
工rr Do=in 
工rr-Freq
Irr Offset 
Clipped 
s^っn•

Tota1 Sc=s 

ReJ.=ation DeJ.ay 
Re=ェ Gain

; 1 T __ Get 
X 90 Width 
XAc叉Time

-20.0I xこ血g1e
X Atn 
X Pulse 
ェそr Atn Dec 
工rr Atn Noe 
工rr Noise 
Decoupling 
Initial Wait 
Noe 

60.0 140.0 120.0 . 100.0 

孝＼
g 恩豆念；；；芭尻脊恩召恩羞 g E 
ビ巴 g g g g 目ききき臼召苔苔

= 9. 20197068 [Tl (390 [M日z])
= 1. 06430464 Isl 
= 13C 
= 98.51479726[M日z]
= 100 [ppm] 
= 32768 
= 4 

= 0. 93958061 {Hz] 
~ 30. 78817734 [kHz] 
= 1E 
= 391. 78655441 IMBz] 
= 5[ppm] 
= FALSE 
= 164 
= 164 

= 2[sl 
= 60 
- 20.2[dC] 
= 9.11[us] 
= 1.06430464[sl 
= 30 [deg] 
= 4.9[dB] 
= 3. 03666667 [us] 
= 22.255[dB] 
= 22.255[dB] 
= mLTZ 
= ·I•KuE. 
= 1[s] 
= TR匹
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---- PROCESSヰGP紐謳TERS ---­
de bal=ce (0, FALSE) 
s西（0.2[Bzl, O.O[sJ) 
trapezoid (0［もJ, 0［も］，80［もJ, 100［も］）
zerofill (1) 
fft(1,匹UE,匹1JE)
mが｀hinephase
ppm 

以下に由来：：SE0-810-3-p=•-·ェoton-1-1.jdf
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co-nt 
Data Fo-t 
Dim Sュze
X Domain --
Dュm Title 
Dュm Units 
Dimen・ions
Spectro=ter 
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綜蒻蒻思蕊蕊
x.pm年記俎『ぶ邸函 F
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自言きそE且 名巨且合 月き名且弓苔召

Fiユ竿這工e = SE0-810-3-pure_Proton-1-2 
Author = element 
Experi,吟nt = proton.jxp 
S-le_Id = SE0-810-3-pヰe
Solvent = CHLOROFORM-D 
Act=l Start Ti,垣＝31-MAY-2019 14, 52, 01 
Revision T工吟 ＝25-JUL-2019 22, 31, 4 7 

= single_yulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
=X 
= DEL匹傘

|l i ii --· ←-人--•9、 一·

Field_ Strength 
x 知«._Duration

XD^ain 
X Freq 
X Offset 
X Points 
X Pres＾ャn-
X Resolution 
X Sweep 

X Sweep Clipped 
- -. 工rr D^⇒1n 

工m:-Freq
工ヰ Offset 
Tri Domain 
Tri_Freq 
Tri Offset 
Clipped 
S^ans 
Total S＾ans 

= 9.4073814[T] [400[MBz]l 
= 2.18103808[s] 
= 1H 
- 400.53219825［碑z]
= S[ppml 
= 16384 
= 1 
= 0. 45849727 [Hz] 
= 7. 51201923 [kHz] 
~ 6.00961538[kHz] 
= Proton 
= 400. 53219825 [MHz] 
= 5[ppm] 
= Proton 
= 400.53219825 [MHz] 
= 5[ppm] 
= FALSE 
= 8 

= 8 

5.0 4.0 3.0 2.0 1.0 

= S[sJ 
= 48 
= 20.2[dCJ 
= 6[us) 
= 2.18103808[sJ 
= 45 [deg) 
= O.B[dBJ 
= 3[us) 
= Off 
= Off 
= FALSE 

Relャation Delay 
Re= Gain 
T細立Get

X 90 Width 
X_Ac'L丘呻
x 和gle

X Atn 
X Pulse 
工rr Mode 
Tri Mode 
D=te Presat 

0

ー

o
oo·
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9
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�\ I長
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X : parts per Million : Proton 
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---- PROCESSエNG Pl\Rl\METERS ---­
de balance C O, FALSE) 
sこ如2.0[Hz]、O.O[sl)
trapezoid3 (0［もl, 80［●］，100［もJ)
zerofill (1) 
fft(1, TR虚，TR匹）
m?＾hヤャ,phase
ppm 

以下に由来： ：SE0-810-2-p=e-13C-l. jdf 

Fil=可-, = SE0-810-2-pure-13C-2.jdf 
Author = •1-nt 
Eや虹｀iment - singleyulse_dec 
S紐,ple_Id =＄●368330 
Sol=t =ぐHLOROFORM-D
Actual. St=t T工吟＝ 5-AUG--2019 17c24c02 
Revュsion T江匹 ＝ 5-I>J:JG--2019 14,33,31 

Comment 
Data Foェmat
Dim Size 

XD呵がn
Dim TiUe 
Dim口nits
Dimensions 
Site 
Spectr�碑ter

Fie1d Strength 
x知'LDuration
X Domain 
X Freq 
X Offset 

X Poュnts
X Pres＾つm0
X Reso1ution 
x_s匹ep
Irr Domain 
工= Freq 
工rr 0£fset 
C1ュpped
Scans 
Total S^ans 

Re1axation De1ay 
Re=ェ ＾コ和
匹mp_Get
X 90 Width □ x―ACむime

-20.0I x
一

瓦g1e
X Atn 
X Pulse 
工江Atn Dec 
工rr Atn Noe 
工ェr Noise 
Decouplヰg

9・エnitュal Wait 
Noe 

= single pulse decoupled ga 
= l.D COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm) 
=X 
= ECS 400 
- JNM-ECS400 

= 9. 20'97068 [Tl (390［碑zl]
= L06430464 [SJ 
= 13c 
= 98.5'479726[MHzJ 
= iOO[ppmJ 
= 32768 
= 4 

= 0. 93958061 [Hz) 
= 30. 788'7734 [kHz] 
= lロ
= 39L 78655441 [M口zJ
= 5[ppmJ 
= FALSE 
= uoo 
= HOO 

= 2[s) 
= 60 
= 23.3[dCJ 
= 9.H[us] 
- l.06430464[s] 
= 30 [deg) 
= 4.9[dBJ 
= 3. 03666667 [usJ 
= 22.255[dBJ 
= 22.255[dBJ 
=W江TZ
＝匹虚
= l[sJ 
= ·lk 
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---- PROCESSING P瓜這l耳知 ——-­
de,.al=ce (0, FALSE) 
s西（0.2[Hzl, O.O[s]) 
trapezoid3 (0［も］，80［ら］，100［も］）
zerofill (l) 
fft(l,匹1lE,四lJE)
machin叩base
ppm 

以下に由来：：SE0-835-1-p=e-l.jdf 

Filen可= = SE0-835-1-p=e-2.jdf 
Author = el-nt 
Eヰ心ヰ-nt = single_;,ulse.ex2 
S紐Ple＿ェd = S#515031 
Solv=t = CHLOROFORM-D 
Actual Staヰて江吟= 20-JUN-2019 22,38,52 

.- -· -
Revision Time = 25-JUL-2019 22,04,06 

c-t 
Data Foェ=t-． Dim Sュze
X Do=in 
-Dュm Title 

D土m Units 
D"守”,sions
Site 
Spectr�匹ter

Field Strength 
X Ac叉Duration
X Do=in 
XFreq 
X Offset 
X Po江ts
X Pres＾寸m-
X Resolution 
X Sweep 
工rr Domがn
工ェェ＿Freq
工rr Offset 
Tri Do=和
Tri_Freq 
Tri Offset 
CJ.ipped 
Scans 
Total Scans 

Relaxation Delay 
臨= Gain 
咋主Get
X 90 Width 
x江生Time
X Angle 
X Atn 
X Pulse 
ェ百r Mode 
Tri Mode 
Dante Presat 

= single yulse 
= 1D co匹LEX
= 13107 
= lB 
= 1B 
= [ppm] 
=X 
= ECX 400P 
= DELTA2 NMR 

= 9.2982153[T] (400［碑zl)
= 2. 20725248 [s] 
= 1五
- 395.88430144［血z]
= S[ppm] 
= 16384 
= 1 
= 0. 45305193 [Bz] 
= 7. 42280285 [kHz] 
= lB 
= 395.88430144[MHz] 
= 5[ppm] 
= lB 
= 395. 88430144 [MHz] 
- 5[ppm] 
＝平SE
= 8 
= 8 

= 5[s] 
= 38 
= 21.8[dC] 
= 13.2[us] 
- 2.20725248[s] 
= 45 [deg] 
- 3.5[dBl 
= 6.6[us] 
= Off 
= Off 
= FALSE 
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---- PROCESSING PARl\l墨匹RS ---­
de bal=ce (0, FALSE) 
sふ(2.0[Hzl, O.O[s]) 
し吐ezoid3 (0［も］，80［も］，100［も］）
zeェofill(1) 
fft(1,匹UE,四lJE)
=cb",ephase 
ppm 

以下に由来： ：SE0-851-1-pヰe-13C-1.jdf

X : parts per Million : !3C
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40.0 

'l'’’• 1, 9 9 ,  i'’’'l'’’’1 
20.0 0 

Filen吋oe = SE0-851-l-pure-13C-2-jdf 
Author = el=t 
Experiment = single yulse _ dee 
S匹'lPle＿エd = 1 
Solvent = C皿^OROFORM-D
Actua1 Start Time = 26-J<江ー2019 01,01,32 
Revision Time = 25-,只江、-2019 22, 07, 42 

c-―nt 
Data Foェ=t
Dim Size 
XD吋<a.in
Dim Title 
Dim Units 
Dimensions 
Site 
Speotr=ter 

Field Strength 
x知«._Duration
X Domain 
X Freq 

X Offset 
X Points 
X Preso=s 
X Resolution 
X S=ep 
工rr Domain 
工rr Freq 
Irr Offset 
Clipped 
sc=s 
Tota1 S＾ans 

Rel=tion _Delay 
Re=ェr←9サ
咋主Get

X 90 Width 

□ x―:�;ime 

-20.0
l
xごAngle

X Atn 
X Pulse 
ェrr Atn Dec 
工rr Atn Noe 
工rr Noise 
De=upling 
Iniヤia1 Wait 
Noe 

- singie puise decoupied ga 
= 10 co匹LEX
= 26214 
- 13C 
= 13C 
- [ppm] 
=X 
= ECS 400 
= JNM-モぐS400

= 9.20197068[T] (390[MBz]] 
= L 06430464 [s] 
= 13C 
= 98.51479726[MBz] 
- 100 [ppm] 
= 32768 
= 4 
= 0. 93958061 [Hz] 
= 30. 78817734 [kHz] 
= lH 
= 391. 78655441 [MHz] 
= 5[ppm] 
= F←3.I.SE 
= 1500 
= 1500 

= 2[s] 
= 60 
= 22.l[dC] 
= 9.ll[us] 
= 1. 06430464 [s] 
= 30 [deg] 
= 4.9[dBJ 
= 3.03666667[us] 
= 22.255[dBJ 
= 22.255[dB] 
= W江TZ
= lKu上
= l[s] 
= TRUE 
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---- PROCESSING P邸碑TERS ---­
de ba1=ce{ 0, F江SE)
筵ip{ 0.2[Hzl, O.O[s]) 
trapezoid3 { 0［もl, 80［も］，100［も］）
zerofi11 { 1) 
fft{ 1, TRtJE, TRtJE) 
ma^-h紐可‘hase
ppm 

以下に由来：：SE0-885-1-pu匹→
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r← C 
N 

恩 巳

Fi10r可= = SE0-885-1-pure-lH-2. jdf 
Author ＝己・m-•nt
Exp=imont = singleyuJ.se.ex2 
s-ie_Id = S#306738 
soivent = CBLOROFORM-D 
Actual Start Tュ= = 22-JUL-2019 16,51,52 
Revision Time = 25-JUL-2019 22,10,33 

r.…•H→nt 
Data Foェmat
Dim Sise 
XD呵？＝サ--
Dュm Tit1e 

Dュm Units 
Dimensions 
sュte
Spectr・胆te

Fie1d_Str=gth 
X_Ac生Duration
XD=和
XFreq 
X Offset 
X Points 
X Pres＾寸nc
X Resolution 
X Sweep 
工rr Domain 
工rr_Freq
工rr Offset 
Trュかmun
Tri_Fr匹
Tri Offset 
C1ipped 
S＾っno
Tota]. S＾an・

Re1axation De1ay 
Re=ェGain
T紐豆Get
X 90 Width 
X_Acq_Time 
X Ang1e 
X Atn 
X Pulse 
工= Mode 
Tri Mode 

Dante Presat 

= sing1e yu1se 
= 1D co匹LEX
= 13107 
= 1E 
= 1H 
= [ppm] 
=X 
= ECX 400P 
= DELCA2 NMR 

= 9.2982153 [Tl (400 [MHz)) 
= 2.20725248 [sJ 
= 1E 
= 395. 88430144坤zJ
= S[ppml 
= 16384 
= 1 

= 0. 45305193 [HzJ 
= 7. 42280285 [kEzJ 
= 1H 
= 395. 88430144［皿zJ
= S[ppmJ 
= 1五
= 395. 88430144 [MHz) 
= 5[ppmJ 
= FALSE 
= 8 

= 8 

= S[sJ 
= 40 
= 22.4[dCJ 
= 13.2[usJ 
= 2.20725248[sJ 
= 45[degJ 
= 3.5[dBJ 
= 6.6[usJ 
= Off 
= Off 
= FALSE 
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---- PROCESSING PARAMETERS ---­
de ba1ance (0, FALSE) 
sexp(2.0[Hzl, O.O[s]) 
trapezoid3 (0［も］，80［もl 、 100［も］）
zerofi11 (1) 
fft(1, 四OE, TROE) 
=clら"”,phase
ppm 

以下に由来：：SE0-885-1-p=e-13C-1.jdf 

Filename = SE0-885-1-pure-13C-2.jd£ 
Author = element 
Exp紅iment = single yulse _ dee 
S-le_Id = 1 
Snl=t = CBLOROFORM-D 
Actual st=t Time= 22-JUL-2019 16,57,33 .- -· -
Revisュon Time = 25-JUL-2019 22,12,40 

220.0 200.0 180.0 

X : parts per Million : 13C 
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ぐ9.m戸nt
Data Foェmat
Dュm Size 
Xか如nn
Dim_TiUe 
Dim Units 
Dimensions 
Site 
Spectr-te工

= single pulse decoupled雰
= 1D COMPLEX 
= 26214 
= 13C 
= 13C 
= ［ppml 
=X 
= ECX 400P 
= DELT>2 NMR 

Fie1d str回1gth
x知'LDuratュon
X Domain 
X Freq 
x Offset 
X Po江ts
X Prescans 
X Resolutユon
X sweep 
ェェェDomain
工rr_Freq
Irr Offset 
Clユpped
s＾ans 

Total S＾ans 

p^'⇒ヤation Delay 
Recvr Gain 
咋中＿Get
X 90 Width 
X_Ac"-.Time 

-20.0I xニAng1e
X Atn 
X Pu1se 
工rr Atn Dec 
工rr Atn Noe 
工rr Noise 
Deco屯っ1ing
Iniャia1 Wait 
Noe 

= 9. 2982153 [Tl (400［匹z]J
= l. 048576 [sJ 
= l3C 
= 99.54517646［碑z]
= 100 [ppm] 
= 32768 
= 4 
= 0. 95367432［口z]
= 3l.25[kHz] 
= 1H 
= 395. 88430144 [M口z]
= 5[ppm] 
= Fl\LSE 
= 25 
= 25 

= 2[s] 
= 54 
= 22. 7[dCJ 
= 10.l[us] 
= l. 048576 [s] 
= 30［dog] 
= 3.4[dBJ 
= 3.36666667[=1 
= 22.3[dBJ 
= 22.3[dBJ 
＝四TZ
= TROE 
= 1[s] 
＝工碑
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---- PROCESSING FJ\R碑匹RS ---­
do balance (0, FALSE) 
s今（0.2[Hzl, O.O[s]) 
trapezoid3 (0［も］，80［も），100［も］）
z=ofill(1) 
fft(1, TRUE, TRUE) 
ma平nephase
ppm 

以下に由来：：SE0-869-1-pure-1. jdf 
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Fil•n- = SE0-869-1-pu咋→2*id£
Author = el=t 
Experiment = single_pulse.ex2 
Sample_Id = S#584654 
Solvent = C汀LOROFORM-D
ぷtual_Start_T,..,,. - 15-皿-2019 23,28,22 

．一Revision Time = 25-J皿-2019 22,17,46 

2 
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13 

c-t 
Data Foェ=t-. Dim Sュze
XD呵min
Dim Title 
Dim Units 
Dimensュons
Site 
Spectrometer 

= single yulse 
= 1D COMPLEX 
= 13107 
= 1E 
= lB 
= [ppm] 
=X 
= ECS 400 
= JNM-ECS400 

Field_ Strength 
X_Acs:_Duration 
XD吋ain
X Freq 
X Offset 
X Points 
X Pres^⇒n• 
X Resolution 
x_s匹ep
IヰDomain
工rr_Freq
Irr Offset 
Tri D^ain 
Tri_Freq 
Tri Offset 
CJ.ipped 
sc=s 
TotaJ. S＾ans 

= 9.20197068[T] (390[MHz]] 
= 2.228224 [s] 
= l五
= 391. 78655441[Ml!z] 
= 5[ppm] 
= 16384 
= l 
= 0. 44878791 [Hz] 
= 7.35294118[kHz] 
= lH 
= 391. 7865544l[MHz] 
= 5[ppm] 
= 1日
= 391. 78655441[Ml!z] 
= 5[ppm] 
- FALSE 
= 8 
= 8 

II 
lt `』

= 5[s] 
= 50 
= 21.2[dC] 
- ll.04[us] 
= 2. 228224 [sl 
= 45 [deg] 
= l.9[dB] 
= 5.52[us] 
= Off 
= Off 
- FALSE 

Re1印=tion Delay 
Re= Gain 
T紐立西t
X 90 Width 
X_Ac"--Time 
X Angle 
X Atn 
X Pulse 
I= Mode 
Tri Mode 
D=te Presat 

0

ー

o
o
o·
o

I
OO
g
s.
l

.0 7.0 6.0 

-三参”い襲麟ミ
屡艮忍蕊月号怠号翠邑弓塁塁良恩員

トト←卜←トトトト←卜←トト←ト

X : parts per Million : I H 

5.0 4.0 3.0 2.0 1.0 
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---- PROCESSING F>_p"""TERS ---­
de bal年ce(0, F江SE l 
s.;;,,(2.0[Hz], O.O[s]) 
trapezoid3 (0［も］，80［も］，100［も］）
zerofill (1) 
fft(1、 TRUE, TRUE) 
=chinephase 
ppm 

以下に由来：：SE0-869-1-p=e-13C-1. jdf 
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包 りc

10.0 ー10.0

Filen可= = SE0-869-l-pure-13C-2. jd£ 
Author = el=•nt 
Exp=iment = single_pulse_dec 
S盆叩le_Id = 1 
Sol=t = CHLOROFORM-D 
Actua1 Start Time = 15-JOL-2019 23, 42, 02 · - -
Revisュon Ti,皿, = 25-JOL-2019 22,20,40 

C=后ent
Data For四t-． Dim Size 
X Domain 
D;:;,,_Ti己e
Dim Units 
Dimensュons
Site 
Spectr�碑ter

= singie pu1se decoupied ga 
= 1D COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm] 
= x 
= ECS 400 
='1NM-ECS400 

Field_ Strength 
X_Ac迂ma已on
X Domain 
X Freq 
x Offset 
X Points 
X Pres＾叶ns
X Resolution 
XS四→
工rr Domain 
工ヰ＿Freq
工工工 Offset 
C1ュpped
S＾っnc
Total S^ans 

Re1=tion De1ay 
Re= Gain 
T紐豆Get
X 90 Width 
X_Ac'l..Time 
X Ang1e 
X Atn 
X J?uJ.se 
工rr Atn Dec 
Irr Atn Noe 
Irr Noise 
Decoup1江g
I瓜tial Wait 
Noe 

= 9. 20197068 [Tl (390 [M口z]）
= 1. 06430464 [sJ 
= 13C 
= 98.51479726［碑zJ
= lOO[ppmJ 
= 32768 
= 4 
= 0. 93958061 [HzJ 
= 30. 78817734 [kHz) 
= lH 
= 391. 78655441 [MHz) 
= 5[ppmJ 
= FALSE 
= 29 
= 29 

= 2[sJ 
= 60 
= 21.4[dCJ 
= 9.ll[usJ 
= 1. 06430464 [sJ 
= 30[degJ 
= 4.9[dBJ 
= 3. 03666667 [usJ 
- 22.255[dBJ 
= 22.255[dBJ 
= WALTZ 

＝四UE
= l[sJ 
＝士RUE
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---- PROCESSING PAR碑TERS ---­
de bal== (0, FALSE) 
s西（0.2[Hzl, O.O[s]) 
trapezoid (0 Iも］，0 ［も］，80［も］，100(も］）
zeェofill(1)
fft(1 『 TRUE, TRUE) 
=cbりャ吋｀base
ppm 

以下に由来：：SE0-898-2-pure_Proton-1-1. jdf 

＿ Jこ 」

Filen工吟 = SE0-898-2-pure_Proton-l-2 
Author = el=t 
Experiment = proton. jxp 
S紐4'le_Id = SE0-898-2-pu咋
Solvent = CBLOROFORM-D 
知七ual Staェt Time= 5-AUG-2019 l0,2lel2 
Revision Tュme = 5-AUG-2019 10,33,09 

c-t 
Data Format -． Dim Sュze
XD呵min--
Dュm Title 
Dim Units 
Dimensュons
Spe•旦-吟te

Field_Strength 
X_Ac生D匹ation
X Don向n
X F咋q
x Offset 
X Points 
X Presc=s 
X Resoユution
X Sweep 
XS匹ep Clipped 
工＃かmain
工rr Freq 
工ヰ Offset 
丘iD^ain
Tri Freq 
Tri Offset 
Clipped 
s＾ans 

Tota1竺^?no

Relaxation Delay 
RecvェGain
T血豆忌t
X 90 Width 
X_Ac生Time
x紐gle
X Atn 

X Pulse 
工rr Mode 
Tri Mode 
D=te Presat 

= single yulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
- [ppm] 

=X 
= DELTA2 NMR 

= 9. 4073814 [Tl (400 [MHz]) 
= 2.18103808[s] 
= lH 
= 400. 53219825 [MHz] 
= 5[ppm] 
= 16384 
= 1 

= 0.45849727[Hz] 
= 7. 51201923 [kl!z] 
= 6. 00961538 [kHz] 

= Proton 
= 400.53219825[MBz] 
- 5[ppm] 

= Proton 
= 400. 53219825 [MHz] 
= 5[ppm] 

= FALSE 
= 8 
= 8 

= 5[s] 
= 48 

= 19.5[dC] 
= 6[us] 

= 2.18103808[s] 
= 45[deg] 

= O.B[dB] 
= 3[us] 
= Off 
= Off 
= FALSE 
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Fi1ename - SE0-881-1-pure-13C-2.jdf 
Author = element 
Experiment = sing1eyu1se_dec 
＄細,ple_Id = 1 
So1=t = CBLOROFORM-D 
Actua1 Start Time = 25-皿-2019 19,16,53 
Revision_ Time = 25-改几ー2019 22,25,40 

= single pulse decoupled ga 
= 1D C碑LEX
= 26214 
= 13C 
= 13C 
= [ppm] 
= x 
= ECS 400 
= JNM-ECS400 

FieJ.d _ Strength 
X_Ac叉Duration
X Domain 
X Freq 
X Offset 
X Points 
X Pres=s 
X臨soiution
x_sweep 
Irr Domain 
Irr_Freq 
Irr Offset 
Chpped 
S^っTO
Total S＾=s 
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---- PROCESSING P泣謳匹鯰—--­
de bal=ce (0, FALSE) 
s西 (2.0［●zl, O.O[s]) 
旦吐』ezoid3 (0［●］、 80［●］， 100［●］）
zerofill (1) 
fft(1, TRUE, TRUE) 
m全hinephase
ppm 

以下に由来： ： SE0-881-1-pure-13C-l. jd£ 

c-t 
Data Fo-t 
Dim Size 
X Domain 
Dュm Title 
Dim Units 
Dimen勺ons
Site 
Spectromte 

Re1=tionDe1ay 
Recvェ Gain
T=豆桑t
X 90 Width 
X_Ac史m皿e
X Ang1e 
X Atn 
X Pu .全
工rr Atn Dec 
工rr Atn Noe 
工rr No<竺°―
Decoupling 
工nitia1 Wait 
Noe 

- 9.20197068 [T] (390 [MHz]) 
= 1.06430464[s] 
= 13C 
= 98.51479726[Maz] 
= lOO[ppm] 
= 32768 
= 4 

= 0. 93958061 [Hz] 
= 30.78817734[kHz] 
= 1五
= 391. 78655441 [MHz] 
= 5[ppm] 
= FALSE 
= 32 
= 32 

= 2[s] 
= 60 
= 21.B[dC] 
= 9.ll[us] 
= 1.06430464[s] 
= 30[deg] 
= 4.9[dB] 
= 3. 03666667 [us] 
= 22.255[dB] 
= 22.255[dB] 
=i荘.r.Tz
＝ 士RUE
= l[s] 
= TROE 
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---- PROCESSING PAR1'METERS ---­
de balance [ 0, FALSE) 
s今（0.2［口z), O.O[s] } 
trapezoid3 (0［●), 80［も］，100[%] } 
z=ofill(1,匹虚）
fft(1, TR虚， 匹匹｝
ma心inephase
ppm 

以下に由来：：SE0-936-1-pure-lH-l. jdf 

File� • SE0-936-1-pure-1H-2.jd£ 
Author • el-nt 
Experim=t • singleyulse.ex2 
S-le_Id • S#712539 
Solv=t • C可OROFOl<M-D
ActuaJ. St=t Time • 6-SEP-2019 03, 10, 35 
Revision Time O 8-NOV-2019 20, 37, 40 

= single__;,ヰSe
= 1D COMPLEX 
= 13107 
= 1E 
= lH 
= [ppm] 
=X 

= ECS 400 
= JNM-ECS400 

c-t 
Data Foェmat

Dュm Size 
X Do=in 
DュmT土t1e

D血Units
Dimensions 
Site 
Spectr=eter 

I [ Field_Stェength
I X Ac1忘ation
•x区=in

X Freq 
X Offset 
X Points 
XPェesca,,ぐ

X Resolution 
X Sweep 
IェェDomain
IェェFェeq
IrェOffset
Tri Dn=in 

Tェi Freg 
Tエi Offset 
Clipped 
Scans 
Total S^ans 

= 9.20197068［Tl (390 [MHz] l 
= 2.228224[s] 
= 1H 
= 391. 78655441［碑z]
= 5[ppm] 
= 16384 
= 1 

= 0. 44878791 [Hz] 
= 7. 35294118 [kHz] 
= 1H 
= 391. 78655441［碑z]
= 5[ppm] 
= 1H 
= 391. 78655441 [MHz] 
= 5[ppm] 
= FALSE 
= 8 
= 8 

8.0 7.0 

/クク＼長ミ
ミ自屋日且蕊恩旦羞旦忌
卜← ← ←ド←←トヽ← ℃ 

X : parts per Million : IH 

6.0 5.0 

|
0
9

8"£
 

4゚ 3.0 2.0 1.0 

• 5[s] 
= 54 
• 21.B[dC] 
• ll.04[us] 
• 2.228224[s] 
• 45 [deg] 
= 1. 9 [dBl 
• 5.52[us] 
• Off 
• Off 
= F江SE

Rel=tionDelay 
Re= Gーコ和
T四ヰ> Get 
X 90 Width 
X_Ac<;_竺土ne
X Angle 
X Atn 
X Pulse 
工rr泌de
Tri Mode 
D=te Presat 

0

0
00"
0
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L
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---- PROCESSING P匹TERS ---­
de bal=ce (0, FALSE) 
s西（2.0［正］，O.O[s])
trapezoid3 (0［を］，80［も］、100［も］）
zerofill [ 1, TROE) 
fft(1, TROE,匹OE)
ma^h和ephase
ppm 

以下に由来：：SE0-936-2-,,=e-13C-l. jdf 

—, 

X : parts per Million : 13C

・l'’’'l'’’'l'，9 a I a・・・l', ．T l'’’'l ’ ’ ’l '’ ’ l ‘‘’ 'l • 3 3'l. ．,＇ l., 9 

220.02]0.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 

1)\ ］尺）八 八 I
婆旦蕊号ー ：：：．旦 E 皇箆器喜

寸 0 C 
aヽm o 
� - O 寸

g g ビビ包巳旦ミ己苔苔 ドに足 図

゜

Fil=e • SE0-936-2-pure-l3C-2.jdf 
Author • el-nt 
Exper江吟nt • single_yulse_dec t 
Sample_ Id • l 
Solv=t • CHLOROFORM-D 
Actual Start T江e • 6-SEP-2019 03,22,12 
Revision Time • 8-NOV-2019 20,13,43 

Comment 
Data Feェ=t
Dim Size 
X Do=in 
Dim Titl.e 
Dim Units 
Dimensions 
Site 
Spectr叩eter

= single p吐se decoupled ga 
= lD COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm] 
= x 
= ECS 400 
= JNM-ECS400 

Field_Strength
X Ac史Duration
X Do=in 
X Freq 
X Offset
X Points 
X Pres＾ans 
X Resolution 
X Sweep 
工= Do-n 
Irr_Freq 
工rr Offset 
Clipped 
S＾ans 
Total S^ans 

Relaxation _Delay 
RecvエGain
T-＿恥
X 90 Width 三 x-Ac王T=e

ー10.0-20.01 x―紐g1e
X Atn 
X Pulse 
Irr Atn Dec 
工rr Atn Noe 
Irr Noュse
Decoupling 
Initial Wait 
Noe 

= 9.20197068[T] (390[MHz]) 
= l.06430464[sJ 
= 13C 
= 98. 51479726 [MHz] 
= lOO[ppm] 
= 32768 
= 4 

= 0.93958061[Hz] 
= 30. 78817734[kHz] 
= 1五
= 391. 78655441 [MHz] 
= 5[ppm] 
= FALSE 
= 300 
= 300 

= 2[s] 
= 60 
= 22[dC] 
= 9.ll[us] 
= 1. 06430464[s] 
= 30 [deg] 
= 4.9[dB] 
= 3. 03666667 [us] 
= 22.255[dB] 
= 22.255[dB] 
=W江TZ

= TRロヱ

= l[s] 
＝エUE、
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---- PROCESSING PARAMETERS ---­
de bal=c• (0, FALSE J 
s西（0.2[Hzl, O.O[s]) 
trapezoid (0［も］， 0 ［も］， 80［を］， 100［発］）
zerofi11 (1, TRUE) 
£ft(1, TRUE, TRUE) 
=chinephase 
ppm 

以下に由来；： SE0-922-1-p=e_Proton-1-1. jdf 

9A 93 

1-1�))It I
F C`9mro 
共ヰ‘ヰヰ 函

克芦鉗芦靱hon．珈伽

111 

ー

＼
直

]

[
[
11
鱈

. Filen- = SE0-922-1-pヰe Proton-1-2 
Author = el-ゃt
. 、q,=iment = proton. jxp 
S印叩le＿ェd = SE0-922-1-p=e 
Solvent = C可LOROFORM-D
Actual Start Time = 10-AUG-2019 16,40,22 

.

-

-
· 

-
Revisュon Time = 8-NOV-2019 20, 01, 57 

l"'"""I"』" " " I 

8.0 7.0 6.0 

-憂亨/)／←
ト0寸m ← 0 - 0 0 0 ← 0 m N卜0

与苓苓さ笞塁吝g g $ gご5 g g臣
←トト ←ド0 0 C C O C o o o 

x:Partsper 紅面ion :Proton

て1

5.0 

|＇a 9, 9』''I'''''''''I' ''』』9 9'| l 

4.0 3.0 2.0 1.0 

I 
月 恩

1

0

o
o
o·
o

c-ent 
Data Foェm吐
Dim Size 

X Domain 
Dim Title 
Dim Units 
D-nsions 
Spectro=ter 

i Field Strength 
X_AC<l_Dヰation
X Domain 
X Freq 
X Offset 
X Points 

X Prescans 
X Resolution 
X S=ep 

［
一

I : -Sw�ep _ Clipped 
• Irr Demaio 

Irr_Freq 
Irr Offset 
Tr土Do=in
Tri Freq 
Tri Offset 
Clipped 
s^ans 
Total S^ans 

Rel=ation Delay 
Re=ェ Ga和
咋主Get
X 90可ュdth
x-Ao叉mェe
X Angle 

X Atn 
X Pulse 
IェェMr ．̂ A.0.
Tェi Mode 
Dante Pェesat

= single yulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
＝ ［匹ml
=X 
= DELTA2 NMR 

- 9. 4073814 [T] (400 [MHz]) 
= 2.18103808[s] 
= lR 
= 400. 53219825 [MHz] 
= 5［匹m]
= 16384 
= 1 
= 0. 45849727 [Hz] 
= 7. 51201923 [kHz] 
= 6.00961538[kHz] 
= Proton 
= 400. 53219825 [MHz] 
= 5［匹m]
= Proton 
= 400.53219825[MHz] 
= 5[ppm] 
= F江SE
= 8 

= 8 

= 5[s] 
= 50 
= 19.9[dC] 
= 6[us] 
= 2.18103808 [s] 
= 45[deg] 
= O.S[dB] 
= 3[us] 
= Off 
= Off 
＝平SE
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---- PROCESSING PARAMETERS ---­
de ba1=ce(o, F江SE)
s西（2.0[Hz]. O.O[s]) 
trapezoid3 (0［も］， 80［も］， 100［も］）
zerofi11 [ 1, TROE) 
fft(1, TROE, TRUE) 
mャhinephase
ppm 

I 以下に由来：： SE0-922-1-p=e-13C-1.jdf 
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X : parts per Million : 13C

= single pulse decoupled ga 
= 1D CO匹LEX
= 26214 
= 13C 
= 13c 
= [ppm] 
=X 
= ECS 400 
= JNM-ECS400 

Filen- = SE0-922-l-p=e-l3C-2.jd£ 
Author = el=ent 
Experiment = single_;,ulse_dec 
S-le_Id - l 
Solvent = Cl!LOROFO詔—D

, Actual st=t Time = lO-AUG-2019 23 1411 36 .- -· -! Rev土sュon Time = 8-NOV-2019 20 1051 38 

I Co=ent 
· Data Foェmat

Dim Sire 
X Doo↑a.in 

Dュm Title 
Dim Units 
Dimensュons
Site 
Spectro=ter 

ni
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＂
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I ! 11\\\＼ 八 I
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�. � 妥き如閂腐食 ご平3 g o o rゞN寸（二）
2 埒 ⇔ベベN - - r r u 
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ドトト 図

Field Strength 
'X_Ac叉．Dヰation

X D^mっ和
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
XSweep 
工ェr Domain 
工ェェーFェeq
工rr Offset 
Clipped 
s^=s 

'Total S^ans 

Re1axation De1ay 
Recvエ Gain
Temp_函t
X 90 Width 

韮合翫デ

X Atn 
X Pu1se 
I= Atn Dec 
工rr Atn Noe 
Irr Noise 
Decoupling 
Initial Wait 
Noe 

= 9. 20197068 [TJ (390 [M五z])
= 1. 06430464 [s] 
= 13C 
= 98. 51479726 [MHz] 
= lOO[ppmJ 
= 32768 
= 4 

- 0.93958061[Hz] 
= 30. 78817734 [kHz] 
= 1日
= 391. 78655441 [MHz] 
= 5[ppm] 
＝四SE
= 59 
= 59 

= 2(s] 
= 60 
= 22.9[dCJ 
= 9. ll[us] 
= 1.06430464[$] 
= 30 [deg] 
= 4.9[dBJ 
= 3. 03666667 [us] 
= 22.255[dBJ 
= 22.255[dBJ 
= W江TZ · 
= TRUE 
= l[s] 
= TRUE 
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---- PROCESSよNG P互R碑TERS ---­
dc_ba1ance , 0 ,  FALSE 
sexp, 0.2[Hzl , O.O[sJ 
trapesoi四 , 0[%1 , 80[%1, 100 [%1 
zerofi11 , 1 
fft , 1 , TR匹： TR匹
=chinephase 
ppm 

Derived fr=, lH-1べjdf

gucpu
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Filゃnmmp
Author 
FャCやriment
Sぬ>Ple_id
Solvent 
Creation_time 
Revision_ti= 
cu=ent_time 

p,＂＂＂「・nt
Data_format 
D血＿size
Dim_title 

! Dim_units 
Dimゃnsions
Site 
Spectr=ter 

Field_strength 
x_ac«_duration 
X_d呵ain
x-freq 
x

—

offset 
xェoints
XJ>rescans 
x_resolution 
x_sweep 
工=_dcmain
工工工＿freq
工ご工—offset
Tri_d吋n9in
でri_freq

, Tri-offset 
Clipped 
Mod_retuヰ
scans 
Total_scans 

= 1H-3.jdf 
= e1ゃmゃnt
= sing1e�u1se．紐2
= s●523616 
= C百LOROFORM-D
= 27-JAN-2020 12,37,31 
= 10-FEB-2020 14,47,29 
= 10-FEB-2020 14,47,44 

= sing1e_pu1se 
= 1D COMPLEX 
= 13107 
= 1 
= [ppm] 
= x 
= ECS 400 
= JNM-ECS400 

• 9.20197068[TJ (390[MH 
= 2.228224[s] 
= 1E 
= 391. 78655441 [MHz] 
= 5 [ppml 
= 16384 
= 1 
= 0.44878791[Hzl 
= 7. 35294118 [kHz] 
= 1H 
= 391. 78655441［皿z]
= 5[ppml 
= 1H 
= 391.78655441［亙口Zl
= S[p皿l
= FAI•守
= 1 
= 8 
= 8 

9.0 8.0 

］ ＼ 
7.0 

9£
9l'
L
 

utut .L
 

IOuc .L
 

£6L£'
L
 

6.0 5.0 4.0 3.0 2.0 1.0 

x_go_width = 11. 04[usJ 
x_a cq_ti匹 ＝ 2.228224[s]
><..ang le = 45 [deg] 
x_a tn = 1.9 [dB] 

- x ...Pulse = 5.52[us] 
工rr_=de = Off 

麟： ：書『Rel=a tion_delay = 5 [s] 
Repetition_time = 7. 228224 [s] 
ra 叩 _get = 18.3[dCJ 

j 

III

OMoo .
o_
 

668S .I
 

,
106·
£
 

UCIL .9
 

X, parts per Million, 1H 
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PROCES→ PARl\METERS 
dc_balance, 0, FALSE 
se,sp, 2.0[Hzl, O.O[sl 
trapezoid3, 0［苓J, 80[%l, 100［わ］
zerofill, 1 
fft, 1, TRUE, TRUE 
machinephase 

, ppm 

Derived fr=, 13C-1.jdf 

= 13C-4.jdf 
= e1ement 
= sing1e.J>Ulse_dec 
• S#527219 
= CHL-0ROFORM-D 
= 27-J碑—2020 12,46,38 
= 10-FEB-2020 14,48,44 
= 10-FEB-2020 14,48,59 

• single pulse deco匹le
• 1D COi丑LEX
= 26214 
• 13C 
= ［ppml 
• X 
= ECS 400 
• J泣—ECS400

,I 

g
u
u
p
=
n

q
u

 

••
•

 '�

．，t:.
 

• 9.20197068[Tl (390［皿
= 1.09430464 [Sl 
= 13C 
= 98.51●79726[紅Hz]
= 100[ppml 
= 32768 
= . 

= o. 93958061 [Rzl 
= 30.7881773●[kHz} 
= 1五
= 391. 78655●●1[>四
= 5 9ppml 
= FALSE 
= 1 
= 100 
= 100 

l <．．．．l.．．J_ 

13
i.O 

i
r·O l

l
°"O

l 

100.0 )_014

り
口
：．0
／.J
[
[

：
t·

:／
[- T 

90.0 
T 

80.0 70.0 

八
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9
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＂
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-

I
6
C
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u
a
I
 

9
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C
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I

n
 

6
6
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r
I
8
5.
o
a
I
 

8
N
N
N·
9
0
1
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0
0
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a
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I Fi1enm呻
I Author 
IEゃeriment
I S血ple_id
』 Solvent
I Creation_time 

Revision._time 
CUrrent_time 

C「mmnnt
I Data_fon四t
9 Dimsize 

DiDLtit1e 
DiDL=its 
Dimゃnsions
Site 
Spectょometer

Fie1d_streng口1
I JLacq_d=ation 
I X3勺min
I x_freq 

x_offset 
X_points 
X_presc年
X_reso1ution 
x_s匹ep
ェェ立omain
工rr_freq
工rr_offset

I Clipped 
Mod_return 
Scans 
<ota1_scans 

---i誓C ]言；こ工rr_atn_noe = 22.255[dBl 
l.．i l.．．,. • l.』．．l.．』1.． l .：エrr_noise = WAL匹Z

50.0 40.0 30.0 20.0 10.0 0ー10.o -20.0| Decoup1ing = rRUE 
工nitia1_=it = 1 [s] 
Noe = OR匹
Noe_time = 2 [s] 
Recvr-gain = 60 
Re1axation_delay = 2 [s] 
Repetition_time = 3.06430464[s] 
なe五g》_get = 18.6[dC] 

s
z
a.
9
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£01
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---- PROCESSING匹ぶ雌TERS ---­
sexp(0.2[Hz)、O.O[s) } 
trapezoid (0［も），0［も），80［も］，100［も））
zerofill (l, TRUE } 
fft(l, TR四TR1JE)
machinephase 
ppm 

以下に由来：：KBT-724-recry_ PROTON-1-1. j df 

s .
o

。
9
J
9
く

で9←"""寸．
o 森

F110mつmo
Author 
Exp=iment 
S-1e_Id 
Solvent 
知tual Start Time 
Revision Time 

7.8 7.7 7.S 75 

11 II)I\ I臼局 隷 忌蕊蕊良屡
x:p四pあ⑱h�ooや応toa ………← F 

9A 9 3 12 

]))）!））\ g g�旦角蕊且臼�房ミ名

c .
o

’� l n­＇
 

63 68 6·7 -96 •
 

•
 6T
 

E95
 

姦 64 
Data Foェmat
Dim Size 
X Do-n 
Dュm TitJ.e 
Dim Units 
Dimensュons
Spectro=ter 

t.
o

 

I .
o

゜

8
UB

p
u
n

qB
 

Field_ Strength 
X_Acq_Dヰat土on
x 応-←
X Freq 
X Offset 

I 江Points
X Presc紅s

· X Resolution 
XSweep 
X Sweep Clipped 
Irr Domain 
Irr_Freq 
Irr Offset 
Tri Domain 

Tri Freq 
Tri Offset 
Blanking 
Clipped 
s^つne
Tota1 S＾コne

= KBT-724-recry_ PROTON­
= delta 
= proton.jxp 
= KBT-724-recry 
= C立＾JROFORM-D
= 13-NOV-2019 17,12,0l 
= 10-手-2020 15,24,52 

= lD COMPLEX 
= 26214 
= Proton 
= Proton 
= [ppm] 
=X 
=泣-ECZ400S/Ll

= 9.389766[T] (400[M口z]
= 4.37256l92[s] 
= Proton 
= 399. 78219838［泣z]
= S[ppm] 
= 32768 
= 0 
= 0.22869888［五z]
= 7.4940048[kHzJ 
= 5. 99520384 [kHz] 
= Proton 
= 399. 78219838［泣z]
= 5[PPエ］
= Proton 
= 399. 78219838［碑z]
= S[ppm] 
= 2[us] 
= FALSE 
= 16 
= 16 

�)呂怨きさ認＄写ご怠
”トr o r寸r m F l. . . . . . .卜← ← ←トト←←ト

X : parts per Million : 

6.0 5.0 4.0 3.0 2.0 1.0 

6
苫·
9

£9,·
9
 

＼
 
）
 

= 4[s] 
= 42 
= 18.9[dC] 
= 5.6[us] 
= 4.37256192 [s] 
= 45 [deg] 
= 5[dB] 
- 2.B[us] 
= Off 
= Off 
- 400 

Rel=ation Delay 
Re=r Gain 
Temp玉et
X 90 Width 
x知叉四皿e

I X-Angie 
! X Atn 

X Pulse 
Irr M^ー仝
Tri Mode 
Dante_Loop 

0

000 .o

6v
n
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'---- PROCESSING芦寧TERS ---­
sexp(2.0[Rz], O.O[s]) 
trapezoi四(0［も］， 80［も］， 100［も］）
zerofill (1, 匹UE）
fft(1, TRUE, TRUE) 
=chinephase 
ppm 
thresh(5［も］， 1)
pe吐ーpick(O[Rz], O.l[ppm], Peaks, O[Rz]) 

以下に由来： ：KBT-724-recry_ CARBON-1-1. j df 

％し
Filen可me
Authoェ
Experim=t 
Sample_Id 
Solv=t 
知tual Start Time 
Revision Time 

Data Fo~t 
Dim Size 
X Do=サ
Dュエ TiUe 
Dim Units 
Dimensions 
Spectr-teェ

0.
E

o·

r

 

o

(
s
q
1
p
u
B
s
n
o
q
1
)
 

゜

Field_Strength 
X_Ac'LDuration 
X_Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
x_sweep 
X_Sweep_Clipped 
工rr Domがn
Irr_Freq 

! Irr Offset 
B1叫一勺m
Clipped 
s^つns
Total S^ans 

230.0220.0210.0200.0190.0180.0170.0160.0150.0!40.0130.0!20.0ll0.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 

I --参臼菱”凡ミ ）＼ 

g 苔苔包藍且望皐g苔患日喜翌きg 岳旦忍 ［ 一てrでi - O O C o oo oo oo oo r r-
o mママで寸m m m m m m m m m m 箆箆こ

- - - - - - - - - - - - "0 - -

X : parts per Million : Carboni 

= KBT-724-recry <=B 
= delta 
＝全令．n.jxp
= KBT-724-recry 
= CllLOROFORM-D 
= 13-NOV-2019 17,17, 
= 10-FEB-2020 15,26, 

= 1D COMPLEX 
= 26214 
= C=bon13 
= C=丘n13
= [ppm] 
=X 
= JNM-ECZ400S/L1 

= 9.389766[T] (400[M 
= 1. 03809024 [s] 
= Carbon13 
= 100.52530333［泣z]
= lOO[ppm] 
= 32768 
= 4 

= 0. 96330739 [Hz] 
= 31.56565657 [kHz] 
- 25.25252525 [kHz] 
= Proton 
= 399. 78219838［泣z]
= 5[ppm] 
= 5[us] 
= 1Ku上、
= 150 
= 150 

'" Rel=ationDelay = 2[s] 
Recvェ Gain = 52 
Temp豆et = 18.4 [dC] 
X 90 Width = 10. 6 [us] 

, X_Ac叉．Time = l. 03809024 [s] 
ー 10.01 i

―

Angle = 30 [deg] 
X Atn - 8.B[dB] 
X Pulse = 3.53333333[us] 
工工工Atn Dec = 3l.25[dB] 
工ェェAtn Dec Cale = 3l.25[dB] 
Irr Atn Dec Default Cale = 31.25 [dB] 
工rr Atn Noe = 3l.25[dB] 
工ェr Dec B四dwidth Hz = 4. 7826087 [k口z]
工rr Dec B紐dwidth忘 = 11. 96303566 [ppm] 
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---- PROCES斗応四刃直匹匹.s ----
ac-ba1血ce, 0, FALSE 
se,q,, 0.2[Hz], O.O[s] 
trapezoid3, 0 [%], 80 [%], 100 [%] 
zerofi11 , 1 
fft,1,TROE,TRUヱ
machinep血S●
PP皿

Derived from, benzothio-lH-1.jdf 

Filename 
, Author 

E,speriment 
S-le_id 
Solvent 
Creation_time 
Revision_time 
cuヰ,ent_time

I C-nt 
I Data_fon四t

I 
Dim_size 
Dim,_title 
Diェunits

I 
I Dim叩•ions

I 
Site 
Spectrometer 

Field_strength 
x_acq_duration 
x_domain 
x_freq 
x_offset 
X_points 
X_presc血S
x_resolution 

, x_ぶ甚ep
1 ,  

工rr d^ain 
工ヰ＿freq
ェ云＿offset
Tri_domain 
Tri_freq 
Tri_offset 
Clipped 
Mod_retuェn
Scans 
Total_scons 

• benzothio-lB-3.jdf 
• •1=t 

• sing1e_pu1se. ex2 
• s●469950 
＝呻OROFORM-D
• 25-NOV-2019 11,17,01 
• 10-FEB-2020 14,32,12 
• 10-FEB-2020 14,32,17 

= sing1e__pu1se 
= 1D co匹LEX
• 13107 
= 1● 
= [ppm] 
= x 
= ECS 400 
• JNM-ECS400 

= 9.20197068[Tl (390［四
= 2.228224[s1 
= 1H 
= 391. 78655441［四zl
= 5［匹ml
= 16384 
= 1 
= 0.44878791[Hzl 
= 7. 35294118 [kHzJ 
= 1H 
= 391.78655441［匹zl
= 5[ppml 
= 1H 
= 391.78655441[MHzl 
= S[ppmJ 
= FAエ『SE
= 1 
= 8 
= 8 

0 

i 

8.0 

＼
 

,

0,、、

1

7

IA
 

リ
／/

 

＂
／
 

6.0 5.0 4.0 3.0 2.0 1.0 ＂

�；；
 

X_90_width • 11. 0●[USl 
又acq_time = 2.228224[s1 
l<_engle = 45 [deg] 
x_etn - 1.9[01'1 
x...Pulse = 5.52[usJ 
工=-mode = Off 
Tri_mode = Off 
Dante...Preset = FALSE 
工nitiaユ_wait = 1 [sl 
Recvr_gein = 36 
Rel=tion_deley = 5 [sl 
Repetition_time • 7.228224[sJ 
9―-get = 18 [dCJ 
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毎I8 .9
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I, Ill I I 
二三ul=：：：：三二ご立1

-

[）〗 『「I l I I 
A uthor 

i I Experiment 

II i Sー10_id

I So1四ntI creation_time 
: Revisio_time 
I current_time 

-g.tu
 

.,．,
 ••.
 

=
g→NI ！ 

-a-t-―
 

L9s¢5-

F F 

宮/箇°尺

吐｝

---- p紅OCESSエ蘭3 9刃耳lkよERS ---­
dcJ>a1=c•, 0, FA益這
sexp, 2.0[HzJ, O.O[sl 
tェapezoid3, 0 [%], 80［%], 100[%] 
zeェofi11 : 1 
fft, 1,,↓Kuと: IR口
ma 」̂ hin←phase
匹m

Derived from, benzothio-13C-1.jdf 

c_,,nt 
Data_format 
DiDLsiae 
Dim-tit1e 
Di"'-units 
Dimensions 
Site 
Spectェら匹ter

Fie1d_strength 
x_acq_duration 
x＿ヤ寸書in
X_freq 
x_offset 
x___points 
X___presc血S
X_reso1ution 
x-sweep 
Irr_domain 
Irr-freq 

I Irr-offset 
i c1ippea 

Mod_ret= 
竺cans
Tota1_scans 

• benzothio-13C-4.j df 
= e19←9999-llt 
• sing1e_pu1se_dec 
= S●●719●● 
• CHLOROFO碑—D
• 25-NOV-2019 11,27,●7 
• 10-FEB-2020 14,35,08 
• 10-FEB-2020 14,35が31

= sing1e pu1se decouple 
• 1DしOOMPLEX
• 26214 
• 13C 
＝ ［匹ml
= x 
• ECS 400 
=血-ECS400

= 9.20197068[T] (390［匹
= 1.06430464[s] 
= 13C 
= 98. 51479726 [MHz] 
= 100 [ppm] 
= 32768 
= 4 
• 0.93958061[Hz] 
• 30. 78817734 [kl!Z] 
= 1E 
= 391. 78655441 [Milz] 
• 5[ppm] 
= FALSE 
= 1 
= 190 
= 190 

こ

:;; 

こ

塁

こ

g 

こ

- □9 9 99 9, 9'「999 99’'9 9•9.,9 m,．＂’" 9'，．99,．'＂ ’'9999 "＇’`＇・ニニ口'’’•

170.0 160.0 15.0.0 140.0 �Q.0．µQ.O 110.0 100.0 I 

gu
三pu=u-e __ IJ\WJ一

1

＇ 
＇ 

90.0 80.0 70.0 

八
60.0 50.0 40.0 30.0 20.0 10.0 。ー10.0

x_9o_width = 9.11 [us] 
x_acq_time = 1.06430464[s] 
x_angle = 30 [deg] 
x_atn = 4.9 [dB] 
x_puJ.se = 3. 03666667 [us 
工rr_atn_dec = 22.255 [dB] 
工ヰーatn__noe = 22.255[da] 
工工工ーnoise = WALTZ 

-2- Decoup1ing = TR匹
工nitial＿匹it = l[s] 
Noe = TR匹
Noe_ti= = 2 [sl 
Rec=_gain = 60 
Rel=tion_deloy = 2 [sl 

I Repetition__time = 3. 06430464 [sJ 
T...,_get = 18 [dCJ 

8u8I .ss
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---- PRO守3斗応9立田亙匹ERS ---­
dc_bolonce, 0, FALSE 
sexp, 0.2[Hz], O.O[s] 
tropezoid3, 0 [%], BO[%], 100 [%] 
zerofill, 1 
fft a 1 a TRUE, TRUE 
mochinephase 

i 匹m

Derived fェom 1E-1.3df 

Fi1pnmnp 
Author 
Experiment 

, SO叩1e_id
! So1vent 

Creation_ti匹
R•visio-ti匹
eurrent_time 

r9 9999rn「.,nt
Data_fo=at 
D江＿siz●
Dim_title 
Di"Lunits 
Dimensions 
Site 
Spect↓J匹ter

= lB-3.jdf 
= e1Pqnt 
= single__pu1se.ex2 
= S#404905 
＝ ぐ可＾ROFO>M-D
= 21-J^N-2020 09:20:31 
= 10-FEB-2020 14,43,29 
• 10-FEB-2020 14,44が27

• sing1e_;,ulse 
= 1D CO匹LEX
= 13107 
= 1五
= [p-] 
= X 
= ECS 400 
= J泣-ECS400

qc 

g
u
c
p
u
n
q
c
 

＇

ー
J

：�
 ー〕IJJ口、ー_J­

ー
'
�

ヽr99

• 9.20197068［Tl [390 [MR 
= 2.228224[sJ 
= 1五
= 391. 78655441［皿zl
= 5[ppml 
= 16384 
= 1 
= 0.44878791[Hzl 
= 7.35294118[kHzJ 
= 1H 
= 391.78655441[MHzl 
= 5[ppml 
= 1H 
= 391. 78655441［皿zl
= 5［匹ml
= F紅竺F'
= 1 
= 8 
= 8 

Field_strength 
x._acq_duration 
x._doao和
x_freq 

I X_offset 
IX__points 
,x__prescans i I x_resolution 
i x-sweep 
lエ＝-�omain

工rr_freq
工ェェーoffset
Tri-d吋nョin
Tri_freq 
Tri_offset 
Clipped 
Mod_ret= 
S＾ans 
Total_scans 

。

ー
ー'r.
iI/1、TT�→

i�4
3J41

]

1
1
1f
1
了

L
9

〇 •V

o .c

o .z

o .I

O u
8.0 

`〗
6.0 5.0 4.0 

＇ 

3.0 

I\ 
2.0 1.0 

u6u8 .c
 

868Z"
Z

Etuc .c
 

X_90_width = 11.04[us] 
I X-acこtime = 2.228224 [Sl 

x...立g1e ＝ヽS[deg]
x_atn = 1.9[dB] 
,:_pulse = S.S2[us]
工=--de = Off 
Tri_mode = Off 
Dヰte�resat = F江、SE
工nitial_wait = 1 [s] 
Recvェ—ga江 ＝34
Re1エ心tio_de1•y = 5[Sl 
Repetition_time = 7.228224 [s] 
なen,p_get = 18.3[dCl 

III

U

塁．
o
，

CN96•
9

l�86.
9

s9LI .L
 

OOIOS .L
 

£,os·
L
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X, parts per Million, 1H 
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---- PROCESS心G PAIW<ETERS ---­
dc_ba1ance, 0, FALSE 
sexp, 2.0[Hz], O.O[s] 
trapezoid3, 0[%], 80[%], 100［苓l
zerofi11, 1 
fft, 1,匹霞：TR匹
.,..chinephase 
匹m

Derived from, 13C-1.jdf 

マ．o ! 

Filen­
Author 
Experiment 
S-le_id 
Solvent 
creation_time 
Revision_time 
Curr血t_time

c=nt 
Data_fon四t
Dlll.._size 
n;,._title 
Dlll.._=its 
Dimensions 
Site 
Spectrometer 

= sins1e pulse decoup1e 
• 1D COMPLEX 
= 2621• 
= 13C 
＝ ［匹ml
= X 
= ECS •oo 
• vEM-ECS400 

Field_stェength
x_acq_duration 
x_domain 
X_freq 
x_offset 

t x__points 
x__pェescan竺
x＿ェesoluti叩
x_s匹ep
工亡工＿d勺,ain
ェ云＿freq
工工工＿offset
Cli匹ed
Mod_return 
ーcans
Total_scans 

2 

g 

一-

- ］'1,.，＂＂99 1'，＂’91’I,＂’’l.19「'99「’’’l"＇l'’ 'inl'9げ'mrPII'’III'，''l''l"''"'"'I 

. i ・・ l l .．．l .．．l' .．．．, 
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 l�O.Q. l�M. 120.0 110.0 100.0 

= 13C-3.jdf 
= •1=ゃnt
= singleユu1se_dec
= S#406926 
= Cl江OROFORM-D
= 21-3碑—2020 09メ26,09
= 10-FEB-2020 1、 ,44,47
= 10-FEB-2020 14,45,20 

= 9.20197068[T] (390[MH 
= 1.06●30●6●[S] 
= 13C 
= 98.51479726［班口z]
= 100[ppm] 
= 32768 
= . 

- 0. 93958061 [Hz] 
= 30.78817734[kHz] 
= 1H 
= 391. 78655441 [MHz] 
= 5[ppm] 
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= 1 
= 89 
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IX―’°―>'idth = 9.11CusJ 
l又ac1-t土呻 = 1.06430464[s] 
I x_angle = 30 [deg] 
｝又atn = 4.9[d8] 

X_pu1se = 3.03666667[us 
工=_atn_dec = 22.255[d8] 
工=_atn_noe = 22.255[d8J 
ェ=_noise = W江"z

ー10.0 -20.0I Dec叩p1ing = TR匹
工nitia1_wait • 1 [s] 
Noe = TR匹
Noe-t土碑 = 2Csl 
Recvェ―gain = 60 

I 
Re1江ation_delay = 2 Cs l 
Repeti tion_ti匹 ＝3.06430464[$]

IT日叩—get = 18.6[dC] 
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---- PROCES斗応9正逗TERS ---­
如＿�•1ance , 0 ,  FALSE 
sexp, 0.2[Hzl , O.O[sl 
trapezoid3 , 0[%1 , 80[%1 , 100 [%1 
zerofi11 , 1 
fft , 1 ,  TRUE , TRUE 
machinephase 
ppm 

Derived from, thio-thio-江-1.j心
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= single年se
= 1D CO匹LEX
= 13107 
= 1五
= [ppm} 
= X 
= ECS 400 
= J泣—ECS400

• 9.20197068(•1 (390［皿
= 2.228224[sl 
= 1H 
= 391. 78655441 [MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0●●●878791［●z] 
= 7.3529●118 (kHz] 
= 1H 
= 391. 78655●●1［匹Z]
• 5[ppm] 
= 1E 
• 391. 78655441［皿z]
= 5[ppm] 
= FALSE 
= 1 
= 8 
= 8 
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Filename 
Author 
Experiment 
Sample_id 
Solvent 
Creation_time 
Revision_time 
CUrrent.tュme

I 
Commゃnt
Data_fo口四t
D土n_size
Din\...title 
Din\.._units 
Dimensions 
Site 
Spectェ3証ter

Field_streng口1
x_acq_duration 
X_d呵ain
x_freq 
x_offset 
xェoints
X_prescans 
x_resolution 
x_sweep 
工ヰ＿d呵ain
工ヰ＿freq
工工工＿offset

= thio-thio-1H-3.jdf 
= e1ゃmゃnt
= sing1e....u1se.ex2 
= S#619353 
= CHLOROFORM-P 
• 5-DEC-2019 15,24,03 
= 10-FEB-2020 14,51,21 
= 10-FEB-2020 14,52,11 

□ 
Tri_domain 

! Tri_freq 
Tri_offset 
Clipped 
Mod_retu= 
scans 
•otal_scans

X_90_width = ll.04[us] 
x_acq_time = 2.228224[s] 
x-angユe = 45[deg] 

l x-ata = 1.9［dB] 
- x..l>ulse = 5.52[us] 

工ヰ＿"'°de = Off 
Tri_mode = 0ff 
Dante..J>resat = FALSE 
工nitial_=it = l[S] 
Recvr_gain = 50 
Relaxation_delay = 5 [s] 
Repetition_time = 7.228224[s] 

i Te,や＿get = 20.S[dCl 

X, parts per Million, 1H 
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---- PROCESSING P丑血TERS ---­
dc_bo1ance, 0, FALSE 
sexp, 2.0[Hz], o.o[s] 
tropezoid3, O [%], 80 [%], 100 [%] 
zorofi11 : 1 

,fft,1,,R匹： ＂RU 
=chinephose 
ppm 

Derived from, thio-thio-13C-1.jdf 

Fi1e"可m"
入uthor
ヱ四•riment

!s皿叫•-id
: soivent 

Creation_time 
Revision_time 
Current_time 

Comment 
Data_fozmat 

I DiDLsize 
I Dim_titie 
I Dim_=its 

Dimゃnsions
Site 
Spectrometer 

Fie1d_strength 
又acq_duration
X_domain 
X_freq 
x_offset 
x_points 
X_prescans 
x_reso1ution 
x_sweep 
工rr_d吋min
ェェr_freq
工rr_offset
C1i匹ed
Mod_ret= 
Scans 
Tota1-scas 
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= thio-thio-13C-4.jdf 
= •1=ゃnt
= sing1e__pu1se_dec 
= 6#620988 
＝ぐ町OROFO躍—D
= 5-DEC-2019 15,35がL●
= 10-F匹-2020 14,54が21
= 10-西-2020 14,55,34 

= sing1e pu1se decoup1e 
= 1D COMPLEX 
= 26214 
= 13C 
= [ppm] 
= X 
= ECS 400 
= J四-ECS400

= 9.20197068['1 (390［皿
= 1.06●30●64[s] 
= 13C 
= 98.51479726[MHz] 
• 100 [ppm] 
= 32768 
＝ ● 
= 0.93958061[Hz] 
= 30.78817734[kHz] 
= 1五
= 391. 78655●●1DE丘：］
= 5[ppm] 
= FALSE 
= 1 
= 200 
= 200 

X, parts per Million, 13C 
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x_,o_width =,.11 [usl 
x_acq_t江,e • 1.06430464[sl 
x_angle = 30 [deg] 
x-ata = 4.9[dBl 
心ulse = 3. 03666667 [us] 
工=-atn_dec = 22.2SS[dBl 
工#-atn_noe = 22.2SS[dB] 
工丘＿noise = WALTZ 

-20.ol iiecouoling =匹UE
工nitial_wait = 1 [s] 
Noe = TRUE 
Noe_time = 2 [s] 
Recvェ＿gain = 60 
Rel=ation_delay = 2 [s] 
R叩etition_time = 3.06ヽ30464 [sl 
T四叩JJet = 21 [dC] 
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, ---- PROC匹SING 9"“、IETERS ---­
し ac-ba1血ce, 0, F>LSE 

sexp, 0.2[Hz], O.O[s] 
trapezoid3, 0［苓l, 80[%], 100［苓l
zerofi11 : 1 
fft,1,TR匹： TR匹
m門chinephase
ppm 

Derived from, bioactive-lH-1.jdf 
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I 
＇立1ename

I 
Author 
E""eriment 
Sa>叩1e_id
So1vent 
Creation_time 
Revision-timo 
eurrent_tune 

C,9999999ー ,nt
Data_format 
Dun_size 
Dun_tit1e 
nun_=its 
Dimensions 
Site 

：和•ctrometer

I Fie1d_strength 
x_acq_duration 
x_d呵ョ和
x_freq 
x_offset 
X_points 
X_prescans 
X reso1ution 
x-sweep 
工rr＿dcm⇒in
工ヰ＿freq
工rr―offset
てri―"oeain
でri-freq
?ri-of£set 
C1ipped 

: Mod_return 
Sc呵ns
Tota1_scans 

• bioactive-18-3.jdf 
• •1�t 
• sing1e_pu1se. ex2 
• s●559789 
• C百LOROFO叫—D
• 5-DEC-2019 13e45e04 
• 10-FEB-2020 14e37e45
• 10-FEB-2020 14,38,13 

= s江g1e_pu1se
= 1D COMPLEX 
= 13107 
= 1E 
= [ppm] 
= X 
= ECS 400 
= J寧-ECS400

= 9.20197068［T] (390［皿
= 2.228224[s] 
= 1H 
= 391.78655441[MHZ] 
= S[ppml 
= 16384 
= 1 
= 0.44878791[Hz] 
= 7.35294118 [kHz] 
= 1H 
= 391. 78655441［皿zl
= 5 [ppm] 
= 1H 
= 391. 78655441［瓦EZl
= 5 [ppm] 
• F>LSE 
• 1 
= 8 
= 8 

T 
8.0 

＜・・� l 
7.0 

］／バ＼＼＼
T 

6.0 
工
5.0 4.0 

!\ \ 
3.0 2.0 1.0 

’
ヽ`

X_90_width • ll.04[usJ 
x_aco:..time • 2.228224[s] 
x＿angle • 45 [deg] 
x_atn • l.9 [dB] 
X_;,ulse • 5.52[usJ 
工rr_mode • Off 
rrl-mode = 0ff 
9血te_;,resat • FALSE 

1エnitial_weit • l [SJ 
i Recvr_gain • 30 
'Reloxation_delay • 5 [sl 

Repetition_ti,証, • 7.228224[sJ 
T曰叩＿get • 20.B[dCJ 

o
go .o
 

9L6£'
9
 

に08"
9

n6N8 .9
 

8CNI .L
 

u9
n .L
 

8I
m .L
 

86t
Z"L
 

suUE .L
 

LIIC .L
 

81
,9"
£
 

I88L .c
 

99�8
"£
 

X, partsperM血on, 1H 

S68



T
T'r�T1'
 

I.I
 

〇•I

6'
0
 

1r .‘rr 、r 、べ．．．．
 
一
·
·····

-..
 , ...
 

s·
o
 

l'
o
 

9·
0
 

s.o
 

r.
o

 

" 、ra.^
-....
 

c .o
 

z.o
 

ro
 

!!.-て一ーマ：
1\ ! ' | 

!! ！
X2竺竺竺血皿m999ぐ

99tt­

•-̀•9
 

..
 99 �-C-

コぶ-
95
"
"

"'

 

◎こ:
包＼殴

却t

I
---- PROCESSエ匹P入R巫ょ込s ---­
dc..J>alance, o, FALSE 
sexp, 2.0[HzJ, o.o[sJ 
trapezoid3, 0 [%], 80［苓J, 100［わ］
zerofill, 1 
fft : 1 : TRUE ： ↓ROi、
machinep血se
ppm 

Derived from, bioactive-13C-1.jdf 
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Filenョm¢ら
入uthor
E><periment 
S°""le_id 

I Solvent 
creoti=_ti,吟
Revisi=_t<me 
current_t<me 

c-やnt
Data_fomt 
D江＿size
Dim_title 
Di"Lunits 
D<mensions 
Site 
Spectromster 

Field_streng口2
x_ocq_duroti叩

I X_d呵nin
, x-freq 

X_offset 
xュoints
X_presc町1ヨ
x_resolution 
x_s匹ep
工ヰ＿内→n呵in
工ヰ＿freq
工=_offset
clippea 
Mod_retuヰ
scons 
Tot吐＿scans

• bioactive-13C-3.jdf 
＝ ●ユ?ont
• singie_puise_dec 
= S●561635 
＝吋.OROFORM-D
• 5-DEC-2019 13,48,56 
• 10-FEB-2020 14,<0,04 
= 10-FEB-2020 14:41d00 

= sing1e pu1se decoup1e 
= 1D COMPLEX 
= 26214 
= 13C 
= [p日
• X 

• ECS 400 
= J碑—ででS400

• 9.20197068,., [390 [Ml! 
• 1.06430464[s1 
= 13c 
• 98.51479726［血zl
• lOO[ppml 
• 32768 
= 4 
= 0. 93958061 [HzJ 
• 30.78817734[kHzJ 
= 1E 
= 391. 78655441 [Ml!zJ 
• 5 [ppm] 
• FALSE 
= 1 
= 55 
• 55 
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x_90_width = 9.ll[usJ 
x_acq_time = 1.06430464[s] 
x_angle = 30 [deg] 
x_atn = 4.9 [dB] 
X_pulse = 3.03666667[us 
ェ=_atn_dec = 22.255[dBJ 
工=-•tn_noe = 22.255[dBJ 
工ヰ＿noise = WAL>Z 
Decoupling = >R匹
工nュtial wait = l[s] 
Noe = ？RtJE 
Noe_ti= = 2 [s] 
Rec=-""in = 60 
Relaxation_delay = 2 [s] 
Repetition_time • 3. 06●30●6●[s] 
T __ get = 21 [dC] 
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