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1. Chemicals and Instrumentation 

Solvents and liquid additives were purchased from commercial suppliers and further dried over 

molecular sieve (MS 4Å). KF (spray-dried) was purchased from Wako Chemicals (166-13241). All 

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

jars (1.5 mL, 5.0 mL, and 10 mL) and balls (7 mm, 10 mm, and 15 mm, diameter) are made of stainless 

(SUS400B and SUS420J2, respectively) (Figure S1 and S2). The heat gun Takagi, HG-1450B, with 

temperature control function was used (Figure S3). NMR spectra were recorded on JEOL JNM-

ECZ400S and JNM-ECS400 spectrometers (1H: 396 or 399 or 401 MHz, 13C: 99 or 100 or 101 MHz, 

19F: 369 or 373 or 375 or 377 MHz). Tetramethylsilane (1H, δ: 0.00), CDCl3 (13C, δ: 77.0), and 

fluorobenzene (19F, δ: –113.6) were employed as 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. Recycle preparative gel permeation chromatography (GPC) 

was conducted with a JAI LC-9101 using CHCl3 as an eluent with JAIGEL-1H. Thermography was 

recorded with an NEC Avio Thermo GEAR G120. High-resolution mass spectra were recorded at the 

Global Facility Center, Hokkaido University.  
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Figure S1. Retsch MM 400 used in this study. 

 

Figure S2. Stainless jars and balls used in this study.  

 

Figure S3. The temperature-controllable heat gun used in this study.  
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2. Substrate Preparation 

 

1a–1o, 1r, 1s, 1u and 1v were purchased from commercial suppliers and used as received. 1p, 1q, and 

1t were prepared through the following procedures. 

 

Preparation of 9-benzyl-6-chloro-9H-purine (1p). 

 

In a vacuum-dried reaction vial equipped with a magnetic stirring bar, 6-chloro-9H-purine (463.8 mg, 

3.0 mmol) was dissolved in DMF (7.5 mL). NaH (60% dispersal in mineral oil, 358.5 mg, 6.5 mmol) 
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was added to the solution at 0 °C, and then stirred for 30 min. After 30 min, benzyl bromide (0.39 mL, 

3.3 mmol) was added to the mixture. The mixture was allowed to warm to room temperature and 

stirred for 13 h. After the reaction, the mixture was quenched with water and extracted with 20% 

EtOAc/hexane three times. The organic layer was washed with brine and dried over anhydrous MgSO4. 

After filtration, the solvent was removed under vacuum, and the residue was purified by silica gel 

column chromatography (EtOAc/hexane, 30:70–40:60) to afford compound 1p (250.9 mg, 1.0 mmol, 

34%) as a white solid. 1H and 13C NMR were in agreement with the literature.1 

1H NMR (396 MHz, CDCl3, δ): 5.47 (s, 2H), 7.30–7.41 (m, 5H), 8.11 (s, 1H), 8.80 (s, 1H). 13C NMR 

(100 MHz, CDCl3, δ): 47.8 (CH2), 127.9 (CH), 128.8 (CH), 129.2 (CH), 131.5 (C), 134.5 (C), 144.9 

(CH), 151.1 (C), 151.8 (C), 152.1 (CH). HRMS-ESI (m/z): [M+Na]+ calcd for C12H9ClN4Na, 

267.0408; found, 267.0405. 

 

Preparation of 7-benzyl-4-chloro-7H-pyrrolo[2,3-d]pyrimidine (1q). 

 

In a vacuum-dried reaction vial equipped with a magnetic stirring bar, 4-chloro-1H-pyrrolo[2,3-

d]pyrimidine (500.3 mg, 3.3 mmol) was dissolved in DMF (8.0 mL). NaH (60% dispersal in mineral 

oil, 262.8 mg, 6.6 mmol) was added to the solution at 0 °C, and then stirred for 30 min. After 30 min, 

benzyl bromide (0.43 mL, 3.6 mmol) was added to the mixture. The mixture was allowed to warm to 

room temperature and stirred for 17 h. After the reaction, the mixture was quenched with water and 

extracted with 20% EtOAc/hexane three times. The organic layer was washed with brine and dried 

over anhydrous MgSO4. After filtration, the solvent was removed under vacuum, and the residue was 

purified by silica gel column chromatography (Et2O/hexane, 0:100–15:85) to afford compound 1q 

(561.5 mg, 2.3 mmol, 71%) as a white solid. 1H and 13C NMR were in agreement with the literature.2 

1H NMR (401 MHz, CDCl3, δ): 5.46 (s, 2H), 6.62 (d, J = 3.6 Hz, 1H), 7.21–7.23 (m, 3H), 7.30–7.36. 

(m, 3H), 8.68 (s, 1H). 13C NMR (100 MHz, CDCl3, δ): 48.2 (CH2), 99.7 (CH), 117.2 (C), 127.4 (CH), 

127.9 (CH), 128.7 (CH), 128.9 (CH), 136.0 (C), 150.6 (CH), 150.9 (C), 151.9 (C). HRMS-ESI (m/z): 

[M+H]+ calcd for C13H11ClN3, 244.0636; found, 244.0635. 
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Preparation of ethyl-7-chloro-6-fluoro-1-cyclopropyl-1,4-dihydro-4-oxo-1,8-naphthyridine-3-

carboxylate (1t). 

 

In a 100 mL two-necked round-bottomed flask equipped with a magnetic stirring bar, 7-chloro-1-

cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid (565.4 mg, 2.0 mmol) 

was dissolved in MeCN (38 mL). EtOH (0.14 mL, 2.4 mmol), N-methylimidazole (NMI) (0.56 mL, 

7.0 mmol), and chloro-N,N,N',N'-tetramethylformamidinium hexafluorophosphate (TCFH) (673.9 mg, 

2.4 mmol) were added to the solution, then stirred at room temperature for 20 h. After the reaction, 

the solution was diluted with water and extracted with CH2Cl2 three times. The organic layer was 

washed with brine and dried over MgSO4. After filtration, the solvent was removed under vacuum. 

The residue was washed with water to remove tetramethylurea and purified by silica gel column 

chromatography (EtOAc/hexane, 20:80–100:0) to afford compound 1t (533.4 mg, 1.7 mmol, 86%) as 

a white powder. 1H NMR was in agreement with the literature.3 

1H NMR (401 MHz, CDCl3, δ): 1.04–1.09 (m, 2H), 1.29–1.36 (m, 2H), 1.41 (t, J = 7.2 Hz, 3H), 3.66 

(tt, J = 3.2, 4.0 Hz, 1H), 4.41 (q, J = 7.2 Hz, 2H), 8.44 (d, J = 7.2 Hz, 1H), 8.66 (s, 1H). 13C NMR 

(100 MHz, CDCl3, δ): 7.5 (CH2), 14.2 (CH3), 34.3 (CH), 61.0 (CH2), 111.8 (C), 122.8 (d, J = 21.0 Hz, 

CH), 123.6 (d, J = 2.8 Hz, C), 142.2 (d, J = 21.9 Hz, C), 145.7 (d, J = 1.9 Hz, C), 148.8 (CH), 152.4 

(d, J = 261.3 Hz, C), 164.5 (C), 173.0 (C). HRMS-EI (m/z): [M]+ calcd for C14H12ClFN2O3, 310.0515; 

found, 310.0516. 
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3. General Experimental Procedure 

1) Mechanochemical SNAr fluorination 

 

Procedure A: Heteroaryl chloride 1 (0.50 mmol), KF (1.0 mmol, 2.0 equiv), and Et4NCl (0.75 mmol, 

1.5 equiv) were placed in a ball milling vessel (stainless, 5 mL) loaded with one grinding ball (stainless, 

diameter: 10 mm). After the vessel was closed in air without purging with inert gas, the vessel was 

placed in the ball mill (Retsch MM400, 60 min at 30 Hz) and a heat gun (preset temperature at 250 °C). 

After 60 min, the jar was cooled rapidly with cold water and opened. The mixture was passed through 

a short silica gel column eluting with 50% EtOAc/CH2Cl2. The crude mixture was purified by flash 

column chromatography (SiO2, Et2O/hexane, typically 0:100–5:95) to give the corresponding 

fluorinated product 2. 

 

Procedure B: Heteroaryl chloride 1 (0.50 mmol), KF (1.0 mmol, 2.0 equiv), and Et4NCl (0.75 mmol, 

1.5 equiv) were placed in a ball milling vessel (stainless, 1.5 mL) loaded with one grinding ball 

(stainless, diameter: 7 mm). After the vessel was closed in air without purging with inert gas, the vessel 

was placed in the ball mill (Retsch MM400, 30–60 min at 30 Hz) and a heat gun (preset temperature 

at 250 °C). After 30–60 min, the jar was then cooled and opened. The mixture was passed through a 

short silica gel column eluting with 50% EtOAc/CH2Cl2. The crude mixture was purified by flash 

column chromatography (SiO2, Et2O/hexane, typically 0:100–20:80) to give the corresponding 

fluorinated product 2. 

 

2) SNAr fluorination reaction under neat conditions 

 

In a vacuum-dried test tube equipped with a magnetic stirring bar, 2-chloro-3-methylquinoline 1a 

(0.50 mmol), KF (1.0 mmol, 2.0 equiv) and Et4NCl (0.75 mmol, 1.5 equiv) were added. The mixture 

was warmed to 130 °C and stirred for 60 min or 24 h. After the reaction, the mixture was cooled to 

room temperature and diluted with water, then extracted with Et2O three times. The organic layer was 

washed with brine and dried over anhydrous MgSO4. The yield was determined by 19F NMR analysis 

with fluorobenzene as an internal standard. 
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3) Mechanochemical SNAr fluorination reaction using ammonium fluoride 

 

2-Chloro-3-methylquinoline 1a (88.6 mg, 0.50 mmol) and Et4NF hydrate (150 mg, 1.0 mmol, 2.0 

equiv based on anhydrous) were placed in a ball milling vessel (stainless, 5 mL) loaded with one 

grinding ball (stainless, diameter: 10 mm) in a glovebox. After the vessel was closed purging with 

inert gas, the vessel was placed in the ball mill (Retsch MM400, 60 min at 30 Hz) and heat gun (preset 

temperature at 250 °C). After 60 min, the jar was then cooled rapidly with cold water and opened. The 

mixture was passed through a short silica gel column eluting with 50% EtOAc/CH2Cl2. The crude 

mixture was analyzed using 19F NMR with fluorobenzene (15.5 mg) as an internal standard to obtain 

a NMR yield of 2a in 61% yield. 
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4. Scaled-up Synthesis of 2r 

 

Fenclorim 1r (0.877 g, 3.9 mmol), KF (0.907 g, 15.6 mmol, 4.0 equiv) and Et4NCl (0.970 g, 5.85 

mmol, 1.5 equiv) were placed in a ball milling vessel (stainless, 10 mL) loaded with grinding ball 

(stainless, diameter: 15 mm). After the vessel was closed in air without purging with inert gas, the 

vessel was placed in the ball mill (Retsch MM400, 30 min at 30 Hz) and a heat gun (preset temperature 

at 250 °C). After 30 min, the jar was then cooled rapidly with cold water and opened. The mixture was 

diluted with water and then extracted with EtOAc three times. The organic layer was combined and 

dried over anhydrous MgSO4. After filtration, the solvent was removed under vacuum, and the residue 

was purified by silica gel column chromatography (Et2O/hexane, 0:100–2:98) to afford compound 2r 

(569.6 mg, 2.96 mmol, 76%) as a white solid. 
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5. Thermography Observation for Reaction Temperature 

The temperature inside the milling jar after the mechanochemical SNAr fluorination reactions were 

confirmed by observation with a thermography camera immediately after opening the milling jar. 

When the pre-set temperature of the heat gun was 250 °C for a 5 mL stainless jar with a 10 mm ball 

(30 Hz, 60 min), the internal temperature was determined to be 129.5 °C (Figure S4). Similarly, for a 

10 mL stainless jar with a 15 mm ball (30 Hz, 30 min), the internal temperature was 131.2 °C (Figure 

S5). For a 1.5 mL stainless jar with a 7 mm ball (30 Hz, 30 min), the internal temperature was 125.4 °C 

(Figure S6).  

 

 

Figure S4. Thermography image inside the milling jar (5 mL) after grinding for 60 min at 30 Hz. 

 

Figure S5. Thermography image inside the milling jar (10 mL) after grinding for 30 min at 30 Hz. 

 

Figure S6. Thermography image inside the milling jar (1.5 mL) after grinding for 30 min at 30 Hz. 
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6. Calculation of E-factors 

The E-factors were calculated for the present solid-state conditions and compared to those of Bland’s 

and Sanford’s conditions following literature procedures.4,5 

< Our solid-state fluorination conditions > 

 

Table S1. E-factor of our solid-state fluorination conditions. 

 

 

 

 

 

 

 

 

 

S11



< Bland’s fluorination conditions4 > 

 

Table S2. E-factor of Bland’s fluorination conditions. 

 

< Sanford’s fluorination conditions5 > 

 

Table S3. E-factor of Sanford’s fluorination conditions. 
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We recalculated the E-factor for the reaction of 1b, taking into account the purification step. 

As shown below, the E-factor is 3019.92. We also calculated the E-factor for the large-scale 

mechanochemical synthesis of 2r and its purification, which is 1252.73. Importantly, it should be 

noted here that our research aims to reduce the quantity of reaction solvents, and the current 

workup/purification procedure is not optimal from a sustainability perspective. Although this was not 

the focus of this study, it must be considered when developing industrial mechanochemical protocols.  

< E-factor for the reaction of 1b considering the purification process > 

 

Table S4. E-factor of our solid-state fluorination conditions considering the purification step. 

 

  

this work Mw mmol g

product

2b 147.15 0.50 0.074

waste (Reaction)

KF 58.10 0.50 0.029

KCl 74.55 0.50 0.037

Et4NCl 165.71 0.75 0.124

waste (work-up)

water 10

brine 18

EtOAc 45

MgSO4 1.5

waste (purification)

hexane 130

Et2O 17.5

total  waste 222.191

E-factor (total) 3019.92
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< E-factor for the reaction of 1r considering the purification process > 

 

Table S5. E-factor of our solid-state fluorination conditions on a gram scale considering the 

purification step. 

 

 

 

this work Mw mmol g

product

2r 192.17 2.96 0.569

waste (Reaction)

1r 225.07 0.94 0.211

KF 58.10 9.67 0.562

KCl 74.55 5.93 0.442

Et4NCl 165.71 5.85 0.969

waste (work-up)

water 30

brine 36

EtOAc 135

MgSO4 5

waste (purification)

hexane 455.4

Et2O 49

total  waste 712.584

E-factor (reaction) 3.839

E-factor (total) 1252.73
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7. Calculation of Reagents Cost 

The reagent costs were calculated on a 1.0 mol scale reaction under the present solid-state conditions 

and compared to those of Bland’s and Sanford’s conditions.4,5 Retail prices are for July 2024. The 

results showed that our method is much less inexpensive SNAr fluorination system. 

< Our solid-state fluorination conditions > 

 

Table S6. Total reagents cost of our solid-state fluorination conditions. 

This work amount (mol or L) cost (JPY) 

KF (Wako, 166-13241) 2 2092 

Et4NCl (TCI, T0095) 1.5 12279 

Total cost 
 

14371 (ca. US $89) 

< Bland’s fluorination conditions4 > 

 

Table S7. Total reagents cost of Bland’s conditions. 

Bland, 2014 amount (mol or L) cost (JPY) 

KF (Wako, 166-13241) 2 2092 

nBu4NCl (TCI, T0055) 1.5 121729 

DMSO (KANTO, 10380-05) 2 34000 

Total cost 
 

157821 (ca. US $977) 
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< Sanford’s fluorination conditions5 > 

 

Table S8. Total reagents cost of Sanford’s conditions. 

Sanford, 2015 amount (mol or L) cost (JPY) 

Me4NF (Sigma-Aldrich, 459135) 2 1818093 

DMF (KANTO, 11339-05) 5 51000 

Total cost 
 

1869093 (ca. US $11571) 
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8. Additional Optimization Study 

2-Chloro-3-methylquinoline (1a, 0.50 mmol), KF (1.0–2.0 equiv), and Et4NCl (0–1.5 equiv) were 

placed in a ball-milling vessel (stainless steel, 5 mL) loaded with one grinding ball (stainless steel, 

diameter: 10 mm). After the vessel was closed in air without purging with inert gas, the vessel was 

placed in the ball mill (Retsch MM400, 60 min, 30 Hz) and a heat gun (preset temperature: 250 °C). 

After 60 min, the jar was cooled rapidly with cold water and opened. The mixture was passed through 

a short column of silica gel using EtOAc/CH2Cl2 (1/1, v/v). The crude mixture was analyzed using 19F 

NMR spectroscopy with fluorobenzene as the internal standard. When reducing the amount of KF and 

Et4NCl, the yield of 2a decreased. The use of KF (2.0 equiv) and Et4NCl (1.5 equiv) is required for an 

efficient fluorination. 

Table S9. Additional optimization study. 
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9. Comparison with Solution-based Protocols 

We compared the yields of the present mechanochemical conditions, and the solution-based conditions 

reported by Sanford, which is one of the most practical SNAr fluorination protocols.6 As shown below, 

in these ten examples, there are no significant differences in yield between mechanochemical 

(condition A) and solution-based (condition B) reactions. For 2c and 2i, the mechanochemical protocol 

is much better than the solution-based method. 

Table S10. Comparison with solution-based protocols. 
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10. Purification Without Using Dichloromethane 

To enhance the sustainability of this mechanochemical protocol, we conducted the purification process 

without using dichloromethane. We used EtOAc for the purification step in reactions involving five 

different substrates. The results showed that the yields of these products were similar to those of the 

reactions using dichloromethane (±5%), suggesting that dichloromethane can be replaced by EtOAc 

in the purification step. 

 

 

 

 

Procedure C (for 1a and 1t): Heteroaryl chloride 1 (0.50 mmol), KF (1.0 mmol, 2.0 equiv), and 

Et4NCl (0.75 mmol, 1.5 equiv) were placed in a ball-milling vessel (stainless steel, 5 mL) loaded with 

one grinding ball (stainless steel, diameter: 10 mm). After the vessel was closed in air without purging 

with inert gas, the vessel was placed in the ball mill (Retsch MM400, 60 min, 30 Hz) and a heat gun 

(preset temperature: 250 °C). After 60 min, the jar was cooled rapidly with cold water and opened. 

The mixture was transferred to a separatory funnel with EtOAc (10 mL) and water (10 mL) and then 

extracted with EtOAc (3 ×10 mL). The combined organic layer was washed with brine (15 mL) and 

dried over anhydrous MgSO4. After filtration, the solvent was removed from the filtrate under reduced 

pressure. The crude mixture was purified by flash column chromatography (SiO2, Et2O/hexane) to 

give the corresponding fluorinated product (2). 

 

Procedure D (for 1f): 1f (0.50 mmol), KF (1.0 mmol, 2.0 equiv), and Et4NCl (0.75 mmol, 1.5 equiv) 

were placed in a ball milling vessel (stainless steel, 5 mL) loaded with one grinding ball (stainless 

steel, diameter: 10 mm). After the vessel was closed in air without purging with inert gas, the vessel 

was placed in the ball mill (Retsch MM400, 60 min, 30 Hz) and a heat gun (preset temperature: 250 °C). 

After 60 min, the jar was cooled rapidly with cold water and opened. The mixture was transferred to 

a separatory funnel with EtOAc (10 mL) and water (10 mL), then extracted with EtOAc (3 × 10 mL). 

The combined organic layer was washed with brine (15 mL) and dried over anhydrous MgSO4. After 
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filtration, the solvent was removed from the filtrate under reduced pressure. The resulting crude 

mixture was analyzed by 19F NMR spectroscopy with fluorobenzene as the internal standard. 

 

Procedure E (for 1l and 1s): Heteroaryl chloride 1 (0.50 mmol), KF (1.0 mmol, 2.0 equiv), and 

Et4NCl (0.75 mmol, 1.5 equiv) were placed in a ball-milling vessel (stainless steel, 1.5 mL) loaded 

with one grinding ball (stainless steel, diameter: 7 mm). After the vessel was closed in air without 

purging with inert gas, the vessel was placed in the ball mill (Retsch MM400, 30 or 45 min, 30 Hz) 

and a heat gun (preset temperature: 250 °C). After 30 or 45 min, the jar was then cooled and opened. 

The mixture was transferred to a separatory funnel with EtOAc (10 mL) and water (10 mL), and 

extracted with EtOAc (3 × 10 mL). The combined organic layers were washed with brine (15 mL) and 

dried over anhydrous MgSO4. After filtration, the solvent was removed from the filtrate under reduced 

pressure. The crude mixture was purified by flash column chromatography (SiO2, Et2O/hexane) to 

give the corresponding fluorinated product (2). 
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11. Characterization of Obtained Fluorinated Products 

2-Fluoro-3-methylquinoline (2a). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

88.9 mg (0.50 mmol) of 1a. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.3 mg) as an internal standard to obtain the NMR yield of 2a in >99% yield. Product 

2a was obtained as a white solid (68.8 mg, 0.43 mmol, 85% yield) after purification by silica-gel 

column chromatography (SiO2, Et2O/hexane, 0:100–5:95). 

1H NMR (396 MHz, CDCl3, δ): 2.45 (s, 3H), 7.48–7.54 (m, 1H), 7.63–7.70 (m, 1H), 7.77 (d, J = 7.9 

Hz, 1H), 7.91 (d, J = 8.7 Hz, 1H), 8.02 (d, J = 9.9 Hz, 1H). 13C NMR (100 MHz, CDCl3, δ): 15.1 

(CH3), 120.0 (d, J = 36.2 Hz, C), 125.9 (d, J = 2.0 Hz, CH), 126.6 (CH), 127.3 (d, J = 2.0 Hz, C), 

127.6 (CH), 129.3 (CH), 140.4 (d, J = 7.6 Hz, CH), 144.2 (d, J = 17.2 Hz, C), 160.4 (d, J = 243.2 Hz, 

C). 19F NMR (373 MHz, CDCl3, δ): –66.5 (s). HRMS-APCI (m/z): [M+H]+ calcd for C10H9FN, 

161.0714; found, 161.0708. 

 

2-Fluoroquinoline (2b). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

81.8 mg (0.50 mmol) of 1b. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (14.6 mg) as an internal standard to obtain the NMR yield of 2b in >99% yield. Product 

2b was obtained as a colorless oil (65.3 mg, 0.44 mmol, 89% yield) after purification by silica-gel 

column chromatography (SiO2, Et2O/hexane, 0:100–10:90) and recycling preparative GPC. 1H, 13C, 

and 19F NMR were in agreement with the literature.6 

The reaction was carried out with 104.2 mg (0.50 mmol) of 2-bromoquinoline (1b’). The 

resulting crude mixture was analyzed using 19F NMR with fluorobenzene (15.2 mg) as an internal 

standard to obtain the NMR yield of 2b in >99% yield. 19F NMR was in agreement with the literature.6 

1H NMR (401 MHz, CDCl3, δ): 7.09 (dd, J = 2.8, 8.8 Hz, 1H), 7.55 (t, J = 7.6 Hz, 1H), 7.74 (t, J = 7.4 

Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.8 Hz, 1H), 8.26 (t, J = 8.6 Hz, 1H). 13C NMR (100 

MHz, CDCl3, δ): 110.0 (d, J = 42.2 Hz, CH), 126.1 (d, J = 2.9 Hz, CH), 126.8 (d, J = 1.9 Hz, C), 127.5 

(CH), 128.0 (CH), 130.6 (CH), 141.9 (d, J = 10.5 Hz, CH), 145.7 (d, J = 16.3 Hz, C), 161.1 (d, J = 

241.6 Hz, C). 19F NMR (377 MHz, CDCl3, δ): –62.2 (s). HRMS-EI (m/z): [M]+ calcd for C9H6FN, 

S21



147.0479; found, 147.0479. 

  

2-Fluoro-4-methylquinoline (2c). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

88.8 mg (0.50 mmol) of 1c. The resulting crude mixture was analyzed by 19F NMR with fluorobenzene 

(15.2 mg) as an internal standard to obtain the NMR yield of 2c in 98% yield. Product 2c was obtained 

as a colorless oil (57.6 mg, 0.36 mmol, 71% yield, isolated along with approximately 6% of starting 

material) after purification by silica-gel column chromatography (SiO2, Et2O/hexane, 0:100–5:95). 1H 

and 19F NMR were in agreement with the literature.7 

1H NMR (396 MHz, CDCl3, δ): 2.73 (s, 3H), 6.93 (s, 1H), 7.52–7.57 (m, 1H), 7.72 (t, J = 7.5 Hz, 1H), 

7.96 (t, J = 9.3 Hz, 2H). 13C NMR (100 MHz, CDCl3, δ): 18.9 (d, J = 2.9 Hz, CH3), 109.9 (d, J = 41.9 

Hz, CH), 123.7 (CH), 125.73 (CH), 125.75 (C), 128.5 (CH), 130.2 (CH), 145.5 (d, J = 17.2 Hz, C), 

151.0 (d, J = 10.0 Hz, C), 160.9 (d, J = 241.3 Hz, C). 19F NMR (377 MHz, CDCl3, δ): –63.5 (s). 

HRMS-EI (m/z): [M]+ calcd for C10H8FN, 161.0635; found, 161.0636. 

 

6-Bromo-2-fluoroquinoline (2d). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

121.9 mg (0.50 mmol) of 1d. The resulting crude mixture was analyzed by 19F NMR with 

fluorobenzene (15.1 mg) as an internal standard to obtain the NMR yield of 2d in 88% yield. Product 

2d was obtained as a white solid (80.2 mg, 0.35 mmol, 71% yield) after purification by silica-gel 

column chromatography (SiO2, Et2O/hexane, 0:100–5:95). 1H, 13C, and 19F NMR were in agreement 

with the literature.6 

1H NMR (396 MHz, CDCl3, δ): 7.13 (dd, J = 2.8, 9.1 Hz, 1H), 7.79–7.85 (m, 2H), 8.02 (d, J = 2.0 Hz, 

1H), 8.18 (t, J = 8.5 Hz, 1H). 13C NMR (100 MHz, CDCl3, δ): 111.0 (d, J = 42.0 Hz, CH), 119.8 (d, J 

= 2.9 Hz, C), 127.8 (d, J = 1.9 Hz, C), 129.5 (CH), 129.6 (d, J = 16.2 Hz, CH), 133.9 (CH), 140.9 (d, 

J = 9.6 Hz, CH), 144.3 (d, J = 17.2 Hz, C), 161.1 (d, J = 244.1 Hz, C). 19F NMR (373 MHz, CDCl3, 

δ): –61.3 (s). HRMS-EI (m/z): [M]+ calcd for C9H5BrFN, 224.9584; found, 224.9589. 
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4-Fluoroquinoline (2e). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

81.8 mg (0.50 mmol) of 1e. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.3 mg) as an internal standard to obtain the NMR yield of 2e in 84% yield. Product 

2e was obtained as a yellow oil (48.2 mg, 0.33 mmol, 65% yield, isolated along with approximately 

3% of starting material) after purification by silica-gel column chromatography (SiO2, Et2O/hexane, 

0:100–20:80). 1H, 13C, and 19F NMR were in agreement with the literature.8 

1H NMR (396 MHz, CDCl3, δ): 7.11 (dd, J = 5.1, 9.5 Hz, 1H), 7.59–7.65 (m, 1H), 7.76–7.82 (ddd, J 

= 1.6, 6.9, 8.5 Hz, 1H), 8.11–8.15 (m, 2H), 8.88 (dd, J = 4.9, 8.1 Hz, 1H). 13C NMR (100 MHz, CDCl3, 

δ): 105.6 (d, J = 15.4 Hz, CH), 119.5 (d, J = 12.5 Hz, C), 120.4 (d, J = 4.8 Hz, CH), 126.8 (CH), 129.1 

(d, J = 3.8 Hz, CH), 130.5 (CH), 150.4 (d, J = 4.8 Hz, C), 151.4 (d, J = 7.7 Hz, CH), 165.2 (d, J = 

268.4 Hz, C).19F NMR (373 MHz, CDCl3, δ): –113.2 (s). HRMS-EI (m/z): [M]+ calcd for C9H6FN, 

147.0479; found, 147.0482. 

 

1-Fluoroisoquinoline (2f). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

81.8 mg (0.50 mmol) of 1f. The resulting crude mixture was analyzed by 19F NMR with fluorobenzene 

(15.1 mg) as an internal standard to obtain the NMR yield of 2f in 89% yield. 19F NMR was in 

agreement with the literature.6  

The reaction was carried out with 104.1 mg (0.50 mmol) of 1-bromoisoquinoline (1f’). The 

resulting crude mixture was analyzed by 19F NMR with fluorobenzene (15.0 mg) as an internal 

standard to obtain the NMR yield of 2f in 82% yield. 19F NMR was in agreement with the literature.6  

The reaction was carried out with 127.6 mg (0.50 mmol) of 1-iodoisoquinoline (1f’’). The 

resulting crude mixture was analyzed by 19F NMR with fluorobenzene (15.4 mg) as an internal 

standard to obtain the NMR yield of 2f in >99% yield. Product 2f was obtained as a yellow oil (62.7 

mg, 0.43 mmol, 85% yield) after purification by silica-gel column chromatography (SiO2, 

Et2O/pentane, 0:100–10:90). 1H, 13C, and 19F NMR were in agreement with the literature.6 

1H NMR (399 MHz, CDCl3, δ): 7.53 (dd, J = 1.4, 5.8 Hz, 1H), 7.63–7.69 (m, 1H), 7.74–7.80 (m, 1H), 
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7.87 (d, J = 8.0 Hz, 1H), 8.06 (dd, J = 1.2, 5.6 Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H). 13C NMR (100 MHz, 

CDCl3, δ): 117.6 (d, J = 31.7 Hz, C), 119.3 (d, J = 4.8 Hz, CH), 123.0 (CH), 126.3 (d, J = 3.8 Hz, CH), 

127.9 (CH), 131.4 (CH), 139.1 (d, J = 16.3 Hz, CH), 139.5 (d, J = 5.7 Hz, C), 159.9 (d, J = 246.3 Hz, 

C). 19F NMR (375 MHz, CDCl3, δ): –71.7 (s). HRMS-EI (m/z): [M]+ calcd for C9H6FN, 147.0479; 

found, 147.0483. 

 

3-Chloro-2-fluoropyridine (2g). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

73.8 mg (0.50 mmol) of 1g. The resulting crude mixture was diluted with CDCl3 and then analyzed 

using 19F NMR with fluorobenzene (15.5 mg) as an internal standard to obtain the NMR yield of 2g 

in 66% yield. 19F NMR was in agreement with the literature.7 Since 2g is a volatile compound, only 

the NMR yield was reported. 

19F NMR (377 MHz, CDCl3, δ): –71.1 (s). 

 

3-Bromo-2-fluoropyridine (2h). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

96.0 mg (0.50 mmol) of 1h. The resulting crude mixture was diluted with CDCl3 and then analyzed 

by 19F NMR with fluorobenzene (14.9 mg) as an internal standard to obtain the NMR yield of 2h in 

82% yield. 19F NMR was in agreement with the literature.9 Since 2h is a volatile compound, only the 

NMR yield was reported. 

19F NMR (377 MHz, CDCl3, δ): –65.1 (s). 

 

2-Fluoro-4-iodopyridine (2i). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

119.7 mg (0.50 mmol) of 1i. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.1 mg) as an internal standard to obtain the NMR yield of 2i in 83% yield. 19F NMR 

was in agreement with an authentic sample (F0773, Tokyo Chemical Industry Co.). Since 2i is a 
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volatile compound, only the NMR yield was reported. 

19F NMR (373 MHz, CDCl3, δ): –70.1 (s). 

 

2,6-Difluoropyridine (2j). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

74.0 mg (0.50 mmol) of 1j, 116.7 mg (2.0 mmol) of KF, and 248.8 mg (1.5 mmol) of Et4NCl. The 

resulting crude mixture was diluted with CDCl3 and then analyzed using 19F NMR with fluorobenzene 

(15.1 mg) as an internal standard to obtain the NMR yield of 2j in 75% yield. 19F NMR was in 

agreement with the literature.10 Since 2j is a volatile compound, only the NMR yield was reported. 

19F NMR (373 MHz, CDCl3, δ): –68.1 (s).  

 

2-Fluoropyrazine (2k). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

57.4 mg (0.50 mmol) of 1k. The resulting crude mixture was diluted with CDCl3 and then analyzed 

using 19F NMR with fluorobenzene (14.9 mg) as an internal standard to obtain the NMR yield of 2k 

in 63% yield. 19F NMR was in agreement with the literature.11 Since 2k is a volatile compound, only 

the NMR yield was reported. 

19F NMR (377 MHz, CDCl3, δ): –79.4 (s). 

 

5-Cyano-2-fluoropyridine (2l). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

69.2 mg (0.50 mmol) of 1l for 30 min. The resulting crude mixture was analyzed by 19F NMR with 

fluorobenzene (15.1 mg) as an internal standard to obtain the NMR yield of 2l in 96% yield. Product 

2l was obtained as a colorless solid (33.5 mg, 0.27 mmol, 55% yield) after purification by silica-gel 

column chromatography (SiO2, Et2O/hexane, 0:100–20:80). 1H, 13C, and 19F NMR were in agreement 

with the literature.12 

1H NMR (396 MHz, CDCl3, δ): 7.08–7.13 (m, 1H), 8.05–8.13 (m, 1H), 8.59 (d, J = 2.4 Hz, 1H). 13C 
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NMR (100 MHz, CDCl3, δ): 108.0 (d, J = 4.8 Hz, C), 110.8 (d, J = 37.3 Hz, CH), 115.5 (C), 144.4 (d, 

J = 9.6 Hz, CH), 152.2 (d, J = 17.3 Hz, CH), 164.9 (d, J = 249.2 Hz, C). 19F NMR (373 MHz, CDCl3, 

δ): –57.8 (s). HRMS-APCI (m/z): [M+H]+ calcd for C6H4FN2, 123.0353; found, 123.0354. 

 

4-Cyano-2-fluoropyridine (2m). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

69.3 mg (0.50 mmol) of 1m for 30 min. The resulting crude mixture was analyzed using 19F NMR 

with fluorobenzene (15.2 mg) as an internal standard to obtain a NMR yield of 2m in a 73% yield. 19F 

NMR was in agreement with an authentic sample (C3383, Tokyo Chemical Industry Co.). Since 2m 

is a volatile compound, only the NMR yield was reported. 

19F NMR (369 MHz, CDCl3, δ): –63.5 (s). 

 

3-Cyano-2-fluoropyridine (2n). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

69.3 mg (0.50 mmol) of 1n for 30 min. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.3 mg) as an internal standard to obtain a NMR yield of 2n in 92% yield. Product 

2n was obtained as a colorless solid (32.9 mg, 0.27 mmol, 54% yield) after purification by silica-gel 

column chromatography (SiO2, Et2O/hexane, 0:100–30:70). 1H, 13C, and 19F NMR were in agreement 

with the literature.9 

1H NMR (396 MHz, CDCl3, δ): 7.38 (ddd, J = 1.6, 4.9, 7.3 Hz, 1H), 8.12 (ddd, J = 1.6, 6.9, 9.1 Hz, 

1H), 8.48–8.50 (m, 1H). 13C NMR (100 MHz, CDCl3, δ): 97.3 (d, J = 31.6 Hz, C), 112.5 (d, J = 5.7 

Hz, C), 121.6 (d, J = 3.8 Hz, CH), 144.4 (CH), 152.0 (d, J = 14.3 Hz, CH), 162.6 (d, J = 247.2 Hz, C). 

19F NMR (373 MHz, CDCl3, δ): –60.4 (s). HRMS-APCI (m/z): [M+H]+ calcd for C6H4FN2, 123.0353; 

found, 123.0354. 
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2-Fluoro-5-(trifluoromethyl)pyridine (2o). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

90.6 mg (0.50 mmol) of 1o for 30 min. The resulting crude mixture was analyzed using 1H NMR with 

dibromomethane (18.5 mg) as an internal standard to obtain a 1H NMR yield of 2o in 76% yield. 1H 

NMR was in agreement with an authentic sample (F0995, Tokyo Chemical Industry Co.). Since 2o is 

a volatile compound, only the NMR yield was reported. 

 

9-Benzyl-6-floro-9H-purine (2p). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

122.0 mg (0.50 mmol) of 1p for 60 min. The resulting crude mixture was analyzed using 19F NMR 

with fluorobenzene (15.0 mg) as an internal standard to obtain a NMR yield of 2p in 46% yield. 

Product 2p was obtained as a white solid (46.4 mg, 0.20 mmol, 41% yield) after purification by silica-

gel column chromatography (SiO2, EtOAc/hexane, 25:75–35:65). 1H, 13C, and 19F NMR were in 

agreement with the literature.8 

1H NMR (396 MHz, CDCl3, δ): 5.48 (s, 2H), 7.29–7.42 (m, 5H), 8.08 (s, 1H), 8.68 (s, 1H). 13C NMR 

(100 MHz, CDCl3, δ): 47.9 (CH2), 120.1 (d, J = 29.6 Hz, C), 127.9 (CH), 128.8 (CH), 129.2 (CH), 

134.5 (C), 144.8 (CH), 152.0 (d, J = 14.2 Hz, CH), 155.6 (d, J = 11.4 Hz, C), 159.8 (d, J = 260.3 Hz, 

C). 19F NMR (373 MHz, CDCl3, δ): –70.3 (s). HRMS-ESI (m/z): [M+H]+ calcd for C12H10FN4, 

229.0884; found, 229.0882. 

 

7-Benzyl-4-fluoro-7H-pyrrolo[2,3-d]pyrimidine (2q). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

121.4 mg (0.50 mmol) of 1q for 60 min. The resulting crude mixture was analyzed using 19F NMR 

with fluorobenzene (15.1 mg) as an internal standard to obtain the NMR yield of 2q in 90% yield. 

Product 2q was obtained as a white solid (85.1 mg, 0.37 mmol, 75% yield) after purification by silica-
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gel column chromatography (SiO2, Et2O/hexane, 0:100–20:80). 1H, 13C, and 19F NMR were in 

agreement with the literature.6 

1H NMR (401 MHz, CDCl3, δ): 5.48 (s, 2H), 6.61 (d, J = 3.2 Hz, 1H). 7.18–7.24 (m, 3H), 7.29–7.38 

(m, 3H), 8.57 (d, J = 0.8 Hz, 1H). 13C NMR (100 MHz, CDCl3, δ): 48.6 (CH2), 98.0 (d, J = 4.8 Hz, 

CH), 104.2 (d, J = 33.3 Hz, C), 127.5 (CH), 128.1 (CH), 128.4 (d, J = 2.0 Hz, CH), 128.9 (CH), 136.3 

(C), 150.6 (d, J = 14.3 Hz, CH), 154.7 (d, J = 12.3 Hz, C), 162.3 (d, J = 252.7 Hz, C). 19F NMR (373 

MHz, CDCl3, δ): –66.5 (s). HRMS-ESI (m/z): [M+H]+ calcd for C13H11FN3, 228.0932; found, 

228.0928. 

 

4,6-Difluoro-2-phenylpyrimidine (2r). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

112.6 mg (0.50 mmol) of 1r, 116.1 mg (2.0 mmol) of KF, and 123.9 mg (0.75 mmol) of Et4NCl for 30 

min. The resulting crude mixture was analyzed by 19F NMR with fluorobenzene (15.1 mg) as an 

internal standard to obtain the NMR yield of 2r in 65% yield. Product 2r was obtained as a white solid 

(53.2 mg, 0.28 mmol, 55% yield) after purification by silica-gel column chromatography (SiO2, 

Et2O/hexane, 0:100–2:98). 1H, 13C, and 19F NMR were in agreement with the literature.6 

1H NMR (401 MHz, CDCl3, δ): 6.44 (t, J = 2.2 Hz, 1H), 7.45–7.60 (m, 3H), 8.39–8.47 (m, 2H). 13C 

NMR (101 MHz, CDCl3, δ): 89.9 (t, J = 37.1 Hz, CH), 128.73 (CH), 128.75 (CH), 132.4 (CH), 134.7 

(C), 166.0 (t, J = 17.3 Hz, C), 172.2 (dd, J = 18.8, 256.7 Hz, C). 19F NMR (377 MHz, CDCl3, δ): –

56.5 (s). HRMS-APCI (m/z): [M+H]+ calcd for C10H7F2N2, 193.0572; found, 193.0566. 

 

3-Chloro-4-fluoronitrobenzene (2s). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

95.8 mg (0.50 mmol) of 1s for 45 min. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.2 mg) as an internal standard to obtain an NMR yield of 2s in 80% yield. Product 

2s was obtained as a yellow solid (58.0 mg, 0.33 mmol, 66% yield, isolated along with approximately 

3% of starting material) after purification by silica-gel column chromatography (SiO2, Et2O/pentane, 

0:100–3:97). 1H, 13C, and 19F NMR were in agreement with the literature.13 

1H NMR (401 MHz, CDCl3, δ): 7.33 (dd, J = 8.2, 9.0 Hz, 1H), 8.19 (ddd, J = 2.7, 4.3, 9.1 Hz, 1H), 
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8.37 (dd, J = 2.8, 6.0 Hz, 1H). 13C NMR (101 MHz, CDCl3, δ): 117.2 (d, J = 24.1 Hz, CH), 122.5 (d, 

J = 19.2 Hz, C), 124.0 (d, J = 8.7 Hz, CH), 126.7 (CH), 144.2 (C), 161.9 (d, J = 260.0 Hz, C). 19F 

NMR (377 MHz, CDCl3, δ): –104.4 (s). HRMS-EI (m/z): [M]+ calcd for C6H3ClFNO2, 174.9831; 

found, 174.9832. 

 

Ethyl 1-cyclopropyl-6,7-difluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (2t). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

155.3 mg (0.50 mmol) of 1t. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (14.7 mg) as an internal standard to obtain the NMR yield of 2t in 74% yield. Product 

2t was obtained as a white solid (73.1 mg, 0.25 mmol, 50% yield) after purification by silica-gel 

column chromatography (SiO2, EtOAc/hexane, 40:60–50:50). 1H, 13C, and 19F NMR were in 

agreement with the literature.6 

1H NMR (399 MHz, CDCl3, δ): 1.04–1.08 (m, 2H), 1.32 (q, J = 6.8 Hz, 2H), 1.41 (t, J = 7.0 Hz, 3H), 

3.59 (tt, J = 3.7, 7.4 Hz, 1H), 4.41 (q, J = 7.0 Hz, 2H), 8.55 (t, J = 9.0 Hz, 1H), 8.65 (s, 1H). 13C NMR 

(100 MHz, CDCl3, δ): 7.6 (CH2), 14.3 (CH3), 34.3 (CH), 61.2 (CH2), 112.3 (C), 122.8 (d, J = 2.8 Hz, 

C), 126.0 (dd, J = 5.2, 16.8 Hz, CH), 143.5 (dd, J = 27.8, 261.6 Hz, C), 144.3 (d, J = 14.3 Hz, C), 

148.7 (CH), 152.3 (dd, J = 16.7, 249.7 Hz, C), 164.6 (C), 172.8 (C). 19F NMR (375 MHz, CDCl3, δ): 

–142.4 (d, J = 23.3 Hz, 1F), –77.3 (d, J = 34.5 Hz, 1F). HRMS-EI (m/z): [M]+ calcd for C14H12F2N2O3, 

294.0811; found, 294.0814. 

 

Ethyl 1-(2,4-difluorophenyl)-6,7-difluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylate 

(2u). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

191.3 mg (0.50 mmol) of 1u. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.3 mg) as an internal standard to obtain the NMR yield of 2u in 78% yield. Product 
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2u was obtained as a white solid (116.2 mg, 0.32 mmol, 63% yield) after purification by silica-gel 

column chromatography (SiO2, EtOAc/hexane, 40:60). 

1H NMR (399 MHz, CDCl3, δ): 1.41 (t, J = 7.0 Hz, 3H), 4.41 (q, J = 7.2 Hz, 2H), 7.08–7.15 (m, 2H), 

7.41–7.46 (m, 1H), 8.53(s, 1H), 8.60 (t, J = 8.8 Hz, 1H). 13C NMR (100 MHz, CDCl3, δ): 14.2 (CH3), 

61.4 (CH2), 105.6 (dd, J = 23.0, 26.8 Hz, CH), 112.6 (dd, J = 3.4, 22.5 Hz, CH), 113.6 (C), 122.3 (d, 

J = 2.9 Hz, C), 123.3 (dd, J = 3.8, 13.4 Hz, C), 126.2 (dd, J = 5.3, 16.8 Hz, CH), 129.9 (d, J = 10.6 

Hz, CH), 143.2 (d, J = 13.4 Hz, C), 143.8 (dd, J = 27.3, 262.2 Hz, C), 149.1 (CH), 152.6 (dd, J = 17.3, 

252.1 Hz, C), 157.9 (dd, J = 12.4, 255.9 Hz, C), 163.4 (dd, J = 10.5, 254.1 Hz, C), 164.1 (C), 172.9 

(C). 19F NMR (375 MHz, CDCl3, δ): –141.4 (d, J = 34.9 Hz, 1F), –115.0 (s, 1F), –105.2 (s, 1F), –76.8 

(d, J = 22.9 Hz, 1F). HRMS-EI (m/z): [M]+ calcd for C17H10F4N2O3, 366.0622; found, 366.0629. 

 

N-(4'-Chlorobiphenyl-2-yl)-2-fluoronicotinamide (2v). 

 

The reaction was performed according to the general procedure A. The reaction was carried out with 

171.5 mg (0.50 mmol) of 1v. The resulting crude mixture was analyzed using 19F NMR with 

fluorobenzene (15.5 mg) as an internal standard to obtain a NMR yield of 2v in 55%. Product 2v was 

obtained as a white solid (48.2 mg, 0.15 mmol, 30% yield) after purification by silica-gel column 

chromatography (SiO2, Et2O/hexane, 0:100–25:75) and recycling preparative GPC. 

1H NMR (396 MHz, CDCl3, δ): 7.21–7.31 (m, 2H), 7.31–7.42 (m, 3H), 7.42–7.52 (m, 3H), 8.31–8.33 

(m, 1H), 8.49 (d, J = 8.2 Hz, 1H), 8.58 (brs, 1H), 8.62 (ddd, J = 2.2, 7.5, 9.9 Hz, 1H). 13C NMR (99 

MHz, CDCl3, δ): 116.2 (d, J = 28.2 Hz, C), 121.9 (CH), 122.6 (d, J = 4.7 Hz, CH), 125.1 (CH), 128.8 

(CH), 129.3 (CH), 130.2 (CH), 130.6 (CH), 132.0 (C), 134.4 (C), 134.5 (C), 136.0 (C), 143.7 (d, J = 

1.9 Hz, CH), 150.6 (d, J = 16.9 Hz, CH), 159.4 (d, J = 235.8 Hz, C), 159.5 (d, J = 8.5 Hz, C). 19F 

NMR (377 MHz, CDCl3, δ): –65.0 (s). HRMS-EI (m/z): [M]+ calcd for C18H12ClFN2O, 326.0617; 

found, 326.0617.  

 

4-Fluorobenzonitrile (2w). 

 

The reaction was performed according to the general procedure B. The reaction was carried out with 

68.7 mg (0.50 mmol) of 4-chlorobenzonitrile (1w) for 30 min. The resulting crude mixture was 
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analyzed by 19F NMR with fluorobenzene (15.1 mg) as an internal standard to obtain the NMR yield 

of 2w in 3% yield. 19F NMR was in agreement with the literature.14 

The reaction was carried out with 74.0 mg (0.50 mmol) of 4-nitrobenzonitrile (1w’) for 30 

min. The resulting crude mixture was analyzed by 19F NMR with fluorobenzene (15.3 mg) as an 

internal standard to obtain the NMR yield of 2w in 62% yield. 19F NMR was in agreement with the 

literature.14 Since 2w is a volatile compound, only the NMR yield was reported. 

19F NMR (373 MHz, CDCl3, δ): –102.8 (s). 
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---- PROCESSING PARAMETERS ----
sexp(0.2[Hz], O.O[s] } 
tra pe zoi d(0[ %] 、 0［急］， 80［告］， 100［急］）

ze rof ill (1, TRUE) 
fft(1, TRUE, TRUE) 
machine phase 
ppm 

Derive d f rom: MKN278-pure Proton-1-1. jdf 

Filename 
Author 
E
S

S
oxamp

p
l
e

ve
l

ri
e

n
m_
t 

e
I

n
d t 

Actual Start Time 
Revisi on Time 

Comme n t

D
Daim 

ta -SFi. 
o

ze 
rma t

X Domain 
Dim Title 
Dim―U

nits 
Di m百nsions
Spectrome ter 

X 
XF_

i
A
e

D
o

l
c

ma
d qこ

S
D

in

turr
e 
a 

ngth 
tion 

X Freq 
X

―
Offset 

X
―

Points 
X Presca ns 
X

―
Resolution 

x XI_rsSr ww
e
e
D

e
eomp p_aC

i
n lipped 

I I 
r

r

r
rュi

rr・――一

_ _  
O
D

F

F

r

o
f

r
ma

e

e
f

q 
s

q 

e i t 
T n 
T 

Tri
―

Offset 

BClil函ppekindg 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gai n 

匹Xx
X
X 

呵和
血
A

9

t

0巧2＿
叫n

盲西-im
e

t d
皿
th

e 

X
―

Pulse 

TIで
r

ri-MMo
odde 

e 
Dant e Loop 
Dante―Presat 
Dec土m云ti

W
on 

a
マ

i
R

t 
a te 

Initial 
Phase 

- MKN278-pure Proton-1-2 
- element 
= proton auto. j xp 
= MKN278-=-p ure 
= CHLOROFORM-D 
= 18-JAN-2024 10:47:11 
= 15-JUN-2024 12:17:08 

= s i
D nC

g
O

l
M
e_p 

PL u
lse 

= 1 EX 
= 13107 
= Proton 
= Proton 
- [

ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[T] (400[MHz] 
= 2.20725248[s] 
= P roton 
= 395.88430144[MHz] 
= 5 6[ p3pm 84 l = 1 
= 1 
= 0. 45305193 [Hz] 
- 7. 42280285 [kHz] 
= 5.93824228[kHz] 
= Proton 
= 395. 88430144 [MHz] 
= S[ppm] 
= Proton 
= 395.88430144[MHz] 
= 5[ p

O
p[m

u
s] 

= 2. J 
= FALSE 
- 8 
= 8 

= 5[s] 
= 56 
= 19.l[dC] 
= 6.34[us] 
= 2.20725248[sl 
= 45[deg] 
= 5(dBJ 
= 3.17[us] 
= Off 
= Off 
= 500 
~ FALSE 
= 0 
= l[s] 
= {O, 90, 270, 180, 180, 
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---- PROCESSING PARAMETERS ---
sexp(2.0[Hz], O.O[s]) 
trapezoid(0［皇］，0［毒l, 80［%], 100［令］）
zerofill (1, TRUE) 
fft( 1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN278-pure Carbon-1-1. jdf 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time 
Revision_Time 

Comment 
Data Format -. 
Dim Sュze
X Domain 
Dim_Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 

- -
、X Domain 

X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped -. Irr Damaュn
Irr_Freq 
Irr Offset 
Bla石king
Clipped 
Scans 
Total Scans 

= MKN278-pure_Carbon
= element 
= carbon auto.jxp 
= MKN278::pure 
= CHLOROFORM-D 
= 18-JAN-2024 11:01:3 
= 15-JUN-2024 14:30:4 

= single pulse decoup 
= 1D COMPLEX 
= 26214 
= Carbon13 
= Carbon13 
= [ppm] 
=X 
= DELTA2.NMR 

= 9. 2982153 [Tl (400 [M 
= 1.048576[s] 
= Carbon13 
= 99.54517646[MHZ] 
= lOO[ppm] 
= 32768 
= 4 
= 0.95367432[Hz] 
= 31.25[kHz] 
= 25[kHz] 
= Proton 
= 395.88430144[MHz] 
= 5[ppm] 
= 5.0[us] 
= FALSE 
= 128 
= 128 

ReJ.a><ation_DeJ.ay - 2[s] 
Recvr Gain = 50 
Temp Get • =18.6[dCJ 
X 90 Width = 11. 5 [us] 
X_Acq_Time = 1. 048576 [s] 
X Angle • = 30[deg] 
X Atn = 9[dB] 
X Pulse = 3.83333333[us] 

ー10.oI IEr_Atn_Dee = 30. 172[dB] 
Irr Atn Dec Cale = 30.172[dBJ 
Irr Atn Dec Default Cale = 30.172[dB] 
Irr Atn Noe = 30.172 [dB] 
Irr-Dec-Bandwidth Hz = 4.7826087[kHz] 
Irr=Dec=BandwidthこPpm = 12.08082432[ppm] 
Iェr_Dec_Fェeq = 395.88430144 [MHz] 
Irr Dec Merit Factor = 2.2 ---------- -� 

Irr_Decoupling = TRUE 
Irr Noe = TRUE 
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---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
se云p(0.2[Hz], O.O[s] J 
trapezoid(0[%], 0[%], 80[%], 100［暑］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN140-pure2 Proton-1-1.jdf 

Filename = MKN140-pure2_Proton-1-2.jd 
Author = element 
Experiment = proton.jxp 
Sample_Id = MKN140-pure2 
Sol咋nt = CHLOROFORM-D 
Actual Start Time= 7-SEP-2023 ·13:04:21 
Revision_Time = 15-JUN-2024 14:48:25 

Comment 
Data Format 
Dim Size 
X Domain 
Dim Title 
Dim―Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped -. Irr Domain 
Irr_Freq 
Irr―Offset ・一Tri Domain 
Tri __ Freq 
Tri Offset 
Cli函ped
Scans 
Total Scans 

Relaxation_Delay 
RecvrGain 
Temp＿森et
X 90 Width 
X_Acq_Time 
x=Angie 
X Atn 
X Pulse 
Irr Mode ・一Tri Mode 
Dante Presat 
Iriitial Wait 一Repetitュon Time 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.4073814[T) (400[MHz 
= 2.18103808[s) 
= lH 
= 400.53219825 [MHz] 
= 5[ppm] 
= 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 

= S[s] 
= 40 
= 19.S[dC] 
= 6.7[us] 
= 2.18103808 [s] 
= 45[deg] 
= O.B[dBJ 
= 3.35[us] 
= Off 
= Off 
= FALSE 
= 1[s] 
= 7.18103808[5] 

S35



0·
0
9
 

0·
o
s
 

0·
o
v
 

0 .
o
c

0 .
o
z

0 .
0-

゜

(S
卓p
uesno
qi)

0·oi
 

ool
 

゜

（＇
pp
弓―e
色

152.0 151.0 

I II 
目 函

透
ご g g 

x：西匂虹M曲m""c品ml3

X: parts per Million: Carbon13 

6
U

0·os
 
oot
 
〇 .oc

6
0
 
0 •OI

O
 

で
五』pu百＝こCE)

129.0 128.0 127.0 

11 I I 
ま艮 岳 磁
!i !i .... a _.a X:par1SperMilli品：0西13

50.0 40.0 30.0 20.0 

［ 
210.0 200.0 190.0180.0170.0160.0150.0140.0130.0 120.0110.0100.0 90.0 80.0 70.0 60.0 

)""'I人＼＼ I 八
蕊蕊蕊 苔姜艮笈笞自 恩 号嚢姜.....oo O OOOOr--ド← ＄ ド← 0 n nn m dClCo..... ←←← -.......... ............... -.......... 

10.0 。

---- PROCESSING PARAMETERS ---
sexp(2.0[Hz), O.O[s)) 
trapezoid(0[%], 0[を］，80［%], 100［号］）
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN140-pure Carbon-1-1. jdf 

F土lename
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time 

.
-

-· 
-

Revisュon Time 

Comment 
Data Format 

=
· Dim Sュze

X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Ac<LDuration 
X Domain 
X _ _  Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X _ _  Sweep 
X_Sweep_Clipped 
- -

. Irr Domaュn
Irr _ _  Freq 
Irr Offset 
Blanking 
Clipped 
Scans 
Total Scans 

＝螂140-pure_Carbon
= element 
= carbon_auto.jxp 
= MKN140=pure 
= CHLOROFORM-D 
= 20-JAN-2024 16:56:5 
= 15-JUN-2024 15:04:5 

= single pulse decoup 
= 1D COMPLEX 
= 26214 
= Carbon13
= Carbonl3 
= [ppm] 
=X 
= DELTA2 NMR 

= 9.2982153[TJ (400 
= 1.048576[s) 
= Carbon13 
= 99. 54517646[MHZ] 
= 100 [ppm) 
= 32768 
= 4 
= 0. 95367432 [Hz] 
= 31.25[kHz) 
= 25.[kHz] 
= Proton 
= 395.88430144[MHzJ 
= 5[ppm] 
= 5.0[us] 
= FALSE 
= 64 
= 64

邸J.axation_DeJ.ay - 2[s] 
Recvr Gain = 50 
Temp亙et = 18.7[dCJ 
X 90 Width = 11. 5 [us] 
X_Acq_Time = 1.048576[s] 
X--Angle = 30 [deg] 
X Atn = 9[dB] 
X Pulse = 3.83333333[us] 

ー10.01 IEr_Atn-Dee = 30.172[dBl 
Irr Atn Dec Cale = 30.172[dBJ 
Irr Atn Dec Default Cale = 30. 172 [ dB] 
Irr Atn Noe • • = 30.172[dB] 
Irr Dec Bandwidth Hz = 4. 7826087 [kHz] 
Irr_Dec_Bandwidth_l?pm = 12.08082432[ppm] 
Irr_Dec_Freq = 395.88430144 [MHz] 
Irr Dec Merit Factor = 2.2 
Irr―Decoupling = TRUE 
Irr-Noe 

- -
= TRUE 
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---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
se函p(0.2[Hz], O.O[s]) 
trapezoid(0[%], 0[%], 80[%], 100[%]) 
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN218-pure2 Proton-1-1.jdf 
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Filename = MKN218-pure2_Proton-1-2.jd 
Author s= element 
Experiment = proton.jxp 
Sample_Id = MKN218-pure2 
Solvent = CHLOROFORM-D 
Actual Start Time= 16-NOV-2023 12:42:18 .-Revisュon Time = 15 —叩N-2024 15:13:57 

Comment 
Data Format 一・Dim Sュze
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Ac屯Duration
X Domain 
X_Freq 
X Offset 
X

―

Points 
X Prescans 
X Resolution 
X_Sweep 
x_sweep_Clipped -. Irr Domain 
Irr_Freq 
Irr Offset ・一TrュDomain・一Tri_Freq 
Tri Offset 
Clipped 
Scans 
Tota].Scans 

Relaxation Delay 
Recvr Gain 
Temp_Get 
X 90 Width 
X_Acq_Time 
X_Angle 
X Atn 
X Pulse 
Irr Mode 
Tri Mode 
Dante Presat 
Initial Wait 

-r· Repetition Time 

= single_pulse 
= lD COMPLEX 

= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9. 4073814 [Tl (400 [MHz 
= 2.18103808[s] 
= 1H 
= 400.53219825[MHz] 
= 5[ppm) 
= 16384 
= 1 
= 0. 4584 9727 [Hz) 
= 7.51201923[kHz] 
= 6.00961538[kHz) 
= Proton 

= 400.53219825[MHz] 
= 5[ppm] 
= Proton 
= 400.53219825[MHz] 
= 5[ppm] 
= FALSE 
= 8 - 8 

0
|
|
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X : parts per Million : Proton

= 5[s] 
= 46 
= 19. 7[dC] 
= 6.7[us] 
= 2.18103808 [s] 
= 45[deg] 
= O.S[dBJ 

= 3.35[us] 
= Off 
= Off 
= FALSE 
= l[s] 
= 7.18103808[s] 
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---- PROCESSING PARAMETERS---
sexp(2.0[Hz], O.O[sl) 
trapezoid(0[%], 0［急］，80[%], 100［急］）
zero fill (1, TRUE) 
fft (1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN218-pure Carbon-1-1.jdf 
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Filename 
Author 
Experiment 
Sample __ Id 
Solvent 
Actual Start Time ・一 一
Revisュon Time 

Comment 
Data Format 一·Dim Sュze
X Domain 
Dim Title 
Dim-Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
XSweep 
X_Sweep_Clipped 

ー

·Irr Domaュn
Irr_Freq 
Irr Offset 
Blanking 
Clipped 
Scans 
Total Scans 

＝呵218-pure_Carbon
= element 
= carbon_auto.jxp 
＝呵218-=pure
= CHLOROFORM-D 
= 20-JAN-2024 16:_38: 4 
= 15-JUN-2024 15:33:2 

= single pulse decoup 
= 1D COMPLEX 
= 26214 
= Carbonl3 
= Carbonl3 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[Tl (400[M 
= 1.048576[s] 
= Carbonl3 
= 99.54517646[MHz] 
= lOO[ppm] 
= 32768 
= 4 
= 0. 95367432 [Hz] 
= 31.25[kHz] 
= 25[kHz] 
= Proton 
= 395.88430144[MHz] 
= 5[ppm] 
= 5.0[us] 
= F江SE
= 128 
= 128 

80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 
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X: parts per Million: Carbonl3 

Rel.axation_Del.ay - 2 [el 
Recvr Gain = 50 
Temp_(互et =18.7[dC] 
X 90 Width = 11.5[us] 
X_Acq_Time = 1.048576[s] 
X _Angle = 30[deg] 
X Atn · = 9[dB] 
X Pulse = 3.83333333[us] 

ー 10.01 �でr-Atn-Dee = 30.172[dBl 
Irr Atn Dec Cale = 30.172[dB] 
Irr_Atn_Dec_Default_Calc = 30.-172 [dB] 
IrrAtnNoe • =30.172[dB] 
Irr Dec Bandwidth Hz = 4.7826087[kHz] 
Irr_Dec_Bandwidth_Ppm = 12.08082432[ppm] 
Irr_Dec_Freq = 395.88430144 [MHz] 
Irr Dec Merit Factor = 2.2 
Irr_Decoupling = TRUE 
Irr Noe = TRUE 
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= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9. 2982153 [Tl (400 [MHz 
= 2.20725248[sl 
= Proton 
= 395.88430144[MHz) 
= 5[ppm) 
= 16384 
= 1 
= 0. 45305193 [Hz] 
= 7.42280285[kHzJ 
= 5.93824228[kHz] 
= Proton 
= 395.88430144[MHz) 
= 5[ppm) 
= Proton 
= 395. 88430144 [MHz] 
= S[ppmJ 
= 2.0[us] 
= FALSE 
= 8 
= 8 

= 5[s] 
= 56 
= 18.2[dC] 
= 6.34[us] 
= 2.20725248£s 
= 45[deg) 
= 5[dB] 
= 3.17[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s) 
·- {0, 90, 270, 180, 180 

0

ー
ー
o
o
o·
o

---- PROCESSING · PARAMETERS ---
sexp(0,2[Hz], O.O[s]) 
trapezoid (0 [ % l, 0［急］，80［令I, 100［令］）
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN189-pure2 Proton-1-1.jdf 

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time 
Revision Time 

Comment 
Data Format =· Dim S].ze 
X Domain 
D五n Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X AC史Duration
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 

-
. Irr Dorna].n 

Irr_Freq 
Irr Offset 

・一
Tr].Domain 
Tri_Freq 
Tri Offset 
Bla面king
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp豆et
X 90 Width 
X Acq-Time 
X_Angle 
X Atn 
X Pulse 
Irr Mode 
Tri-Mode 
Dante_Loop 
Dante Presat 
Decimation Rate 
Initial Wa].t 
Phase 

c'MKN189-pure2_Proton-1-
= element 
= proton_auto.jxp 
= MKN189::pure2 
= CHLOROFORM-D 
= 2-0CT-2023 14:48:28 
= 15-JUN-2024 11:12:55 
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---- PROCESSING PARAMETERS---
sexp(2.0[Hz), O.O[s]) 
trapezoid(0[%), 0［急］，80［全］，100[%])
zerofill (1, TRUE) 
fft (1, TRUE, TRUE J 
machinephase 
ppm 

Derived from: MKN189-pure2 Carbon-1-1.jdf 

0 .c

o .I

O

 

（
王モ
EE-ES)

゜

（
玉
老
厚＝豆
B
)

g
 

旧

4

油

140
|
自
等

L

食r ．
号IS

6

i

 

^
5
 

4

:

 

i

x

0·
s
 
o·
L
 
0·
9
 
o·
s
 
o-
v
 
0'
£
 
0 .
N

o .I

O

(S
s
pu1!S
0
0
l!l)
 

。

u．
至と
を
豆i)

127.0 126.0 

IA I A
誼召 婆 菱蕊
団荘i 沼 m日

沢part.per証転：C苧l

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time 

. - -

Revision Time 

Comment 
Data Fonnat 一·Dim Sュze
X Domain 
Dim_Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Ac,.:=ouration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 

-

. Irr Domaュn
Irr __ Freq 
Irr Offset 
Blanking 
Clipped 
Scans 
Total Scans 

=M血189- pure2_Carbon
= element 
= carbonauto.jxp 
＝四189::pure2
= CHLOROFORM-D 
= 13-0CT-2023 17:43:0 
= 15-JUN-2024 12:04:2 

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 

j\ /」孔｀ 木
ね閂 写全 S こ己均因呂き箆だご 沼呂苫.,....... -ママnnmmoo~-0 moo 
ご歪 手等等自芯

・

兵ば含日図ま2 ドピま
-- --------..... --l --

X : parts per Million : Carbonl3 

50.0 40.0 30.0 20.0 10.0 

［ 
。

= single pulse decoup 
= 1D COMPLEX 
= 26214 
= Carbon13 
= Carbon13 
= [ppm] 
=X 
= DELTA2 NMR 

= 9.2982153[T] (400 
= 1. 048576 [s] 
= Carbon13 
= 99.54517646[MHZ] 
= lOO[ppm] 
= 32768 
= 4 
= 0.95367432[Hz] 
= 31.25[kHz] 
= 25 [kHz] 
= Proton 
= 395.88430144[MHz] 
= 5[ppm] 
= 5,0[us] 
= FALSE 
= 128 
= 128 

Relaxat土on_Delay - 2[o) 
Recvr Gain = 50 
Temp亙et = 1 7. 4 [ dC) 
X 90 Width = l_l. 5 [us] 
X_Acq__Time = 1.048576[s] 
X

―

Angle . = 30 [deg] 
X Atn = 9[dB] 
X Pulse = 3.83333333[us] 

ー10.0| Irr_Atn_Dee = 30.172[dBl 
Irr Atn Dec Cale = 30.172 [dB] 
Irr Atn Dec Default Cale = 30.172[dBJ 
Irr--Atn--Noe-

·-
= 30.172[dB] 

Irr Dec Bandwidth Hz = 4.7826087[kHz] 
Irr_Dec_Bandwidth_Ppm = 12.08082432[ppm] 
Irr_Dec_Freq = 395. 88430144 [MHz] 
Irr Dec Merit Factor = 2.2 
Irr Decoupling = TRUE 
Irr Noe = TRUE 
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X : parts per Million : Fluorine 19 

-10
I 

0.0 

I 
忌
ご一， 

I I 

-200.0

----PROCESSING PARAM ETERS ----
sexp(0.2 [Hz], 0. 0 [s]) 
trapezoid(0[%], 0［急］， 80［急］， 100[%])
zerof土11 (1) 
blip(16, 64, 30) 
fft(1, TRUE, TRUE) 

mach土nephase
ppm 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time 
Revisi,-on Tim石

Comment 
Data Format 
Dim 一Si． ze 

X Domain 
D五n Title 

Dim―Units 
Dimensions 

Spectrometer 

Field Strength 
XX _ADocmC,:a□i

D
n 
uration 

X Freq 
X

―
Offset 

X
―

Points 
X

―
Prescans 

x
―

Resolution 
X Sweep 
X Swe e

om
pc aュlipped 

Irr D n 
Irr Freq 
Irr―Offset 
Tri .-Domain 
Tri

―
Freq 

Tri
―

Offset 
Bla五king
Clipped 
Scans 
Total_Scans 

Relaxati<:m_Delay 
Recvr Gain 

X Tem9p0 ＿百Weitdth 
X 
X _ _  AAncq 

g
_
l

_ T
e 

ime 

X Atn 
X

―
Pulse 

Irr Mode 
Tri Mode 
Dante_Loop 

Dante Presat 
Dec土m云t土on Rate 

Initial wait 
Phase 

／一

- MKN189-pure2_int_singl 
- element 
ニコ

M
si

KN
ng 
l 

l 認ulse • ： xp 
- 8 ure 2 nt 
- CHLOROFORM-D 
- 14-0CT-2023 11:09:07 
- 24-JAN-2024 11:39:29 

= S iD nCgO
l

M
e_p PL 

ulse 
= 1 EX 
- 13107 
- Fluor土ne19
= Fluorine19 
= [ppm] 
= X 
= DELTA2 NMR 

= 9. 2982153 [Tl (4 00 [MHz] 
= 89.12896[ms] 
= Fluorine19 
- 372. 50336686 [MHz l 
= -lOO[ppm] 
- 16384 
- 1 
= 11. 21969784 [Hz] 
- 183.8235294l[kHz] 
= 147.05882353[kHz] 
- Fluorlne19 
= 372. 50336686 [MHz] 
= 5[ p

u
p

omrュ] - Flu o nel9 
= 372. 50336686 [MHz] 
= 5[ p

O
p[
mus ] 2. l 

= FALSE 
- 8 
= 8 

= 5[s] 
- 56 
- 18.9[dC] 
- 8.03[us] 
- 89.12896[ms] 
= 45 [deg] 
= 5[dBJ 
= 4.0lS[us] 
= Off 
- Off 
= 500 
= FALSE 
= 0 
00 1 [s] - (0, 90, 270、 180、 180,
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5.0 4.0 3.0 2.0 1.0 

--�- PROCESSING PARAMETERS ---
de balance (0, FALSE J 
se函p(0.2[Hz], O.O[s]) 
trapezoid(0(%], 0［著］， 80［急］， 100［急］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN307-pure Proton-1-1.jdf 

Filename = MKN307-pure_Proton-1-2.jdf 
Author = element 
Experiment = proton.jxp 
Sample_Id = MKN307-pure 
Solvent = CHLOROFORM-D 
Actual Start T土me = 27-FEB-2024 10:07:26 
Revision_Time = 17-JUN-2024 13:15:45 

Comment 
Data Format 

-

. Dim Sュze
X Domain 
Dim_Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X Sweep 
X __ Sweep _ _  Clipped 
Irr Domain 
Irr_Freq 
Irr―Offset 

・一Tri Domain 
・一Tri_Freq 

Tr土Offset
cli函ped
Scans 
Total. Scano 

Relaxation Delay 
Recvr Gain 
Temp_Get 
X 90 Width 
X_Acq_Time 
x _ _  Angle 
X Atn 
X Pulse 
Irr Mode 

・一Tri Mode 
Dante Presat 
Initi百1阿ait
Repetition Time 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm) 
= X 
= DELTA2 NMR 

= 9.4073814[T] (400[MHz 
= 2.18103808 [s]. 
= 1H 
= 400. 53219825 (MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0.45849727[Hz] 
= 7.51201923[kHz] 
= 6.00961538(kHz] 
= Proton 
= 400.53219825[MHz] 
= 5[ppm] 
= Proton 
= 400.53219825[MHz] 
= S[ppm] 
= FALSE 
= 8 - 8 

= 5[s] 
= 40 
= 19.6[dC] 
= 6. 7[us] 
= 2.18103808[s) 
= 45 [deg] 
= O.B[dB] 
= 3.35[us) 
= Off 
= Off 
= FALSE 
= l[s] 
= 7.18103808[s] 

0

ー

ー

8o·
o

8.0 7.0 6.0 

-#�)I 
R 窃涅 R 呂こマ 9 ＄ら芍含芯ggこ呂CICC OOOOOO rr.,...,..CC-- 0= 

. .  ooooooトトr--←←←r--←←·卜←r--'ヽ←
X : parts per Million : 
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- 2[:,J 
= 50 
= 18.6[dCJ 
= 10.9[us] 
= 1. 04333312 [s] 
= 30[deg] 
= 5.4[dB] 
= 3.63333333[us 
= 25.823[dB] 
= 25.823[dB] 
= WALTZ 
= 0.115[ms] 
= TRUE 
= l[s] 
= TRUE 
= 2[s] 
= 3.04333312[s] 

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 

｝＼ 》／＼）＼ 八
質蕊 簗蕊忌目萎芝空萎 芭阻 ；；；衰忍
g合 ママ含笈 5 沼沼沼 乏g ピにゞ
- - - - -曹_ _ - - - -

X: parts per Million: Carbon13 

、

60.0 50.0 40.0 30.0 20.0 10.0 ゜

---- PROCESSING PARAMETERS---
de balance (0, FALSE) 
se函p(2.0[Hz), O.O[s)) 
trapezoid(0［急］， 0[%), 80［告］，100［急］）
zerofill(1, TRUE) 
fft(. 1, TRUE, TRUE) 
machinephase 
ppm . 

Derived from: MKN307-pure Carbon-1-1.jdf 

Filename = MKN307-pure_Carbon-1-3. jdf 
Author = element 
Experiment =.carbon.jxp 
Sample_Id . = MKN307-pure 
·Sol vent = CHLOROFO瞑-D
Actual Start Time = 27-FEB-2024 11:08:31 
Revision Time = 17-JUN~2024 13:30:42 

Comment 
Data Format 
Dim Size 
X Domain 
Dirn Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field―•Strength 
X_Acq_Duration 
X Domain 
X __ Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 
Irr Domain 
Irr_Freq 
Irr Offset 
Cli函ped
Scans 
Total Scans 

Relaxation_Delay 

Recvr Gain 
Ternp_Get 
X 90 Width 
X_Acq_Time 
XAngle 
X Atn 
X Pulse 

ー10.01 Irr-Atn_Dec 
Irr Atn Noe 
Irr Noise 
Irr Pwidth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Repetition Time 

= single pulse decoupled gat 
= 1D eOMPLEX 
= 26214 
= Carbon 
= Carbon13 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.3722l[T] (400[MHz]) 
= 1.04333312[s] 
= 13C 
= 100.33735165[MHzJ 
= 100.0[ppm] 
= 32768 
= 4 
= 0.95846665[Hz) 
= 31. 40703518[kHz] 
= 25.12562814 [kHz] 
= Proton 
= 399. 03472754 [MHz] 
= 5.0[ppm] 
= FALSE 
= 128 
= 128 
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X: parts per Million: Fluorinel9 

---- PROCESSING PARAMETERS- ---
de balance (0, FALSE) 
se函p(0.2[Hz], O.O[ s]) 
tr arpoef

i 
z oi d(0［き］，0［冦l, 80[%], 100[%]) 

ze 11(1, TRUE) 
bl 評 (16, 64, 30) 
ff 1, TRUE, TRUE) 

machi ne phase 
p
p

p
h
m 
ase{ 6.31854, -50.40248, 78.10163［毒］）

Filename 
Author 

E 
xaomp
p

levlerenJ.
m

_t 
e 
I 
nt S d 

s 

= MKN307-pure-int_single_pul 
= element 
＝ MKNSl.ng 3 l e

7
--pp

u u lse.jxp 
= 0 re-i nt 
= CHLOROFORM-D 

Ac
Re

vtua
i s

l ュ.-oSn 
t aェt_Time q 27-FEB-2024 10:18:18 
_Time = 27-FEB-2024 10:58:38 

Comment 
Dat a Format 

Dim百ize
X Domain 

Dim Title 
Dim

―
Units 

Dimensions 
Spectrometer 

Field Strength 
XX

_―
A

Docm
<LaDiu

n 
ration 

X Freq 
X

―
Offset 

X
―

Points 

X 
Prescans 

X
―

Resolution 

X
XI
I
-

_
_ 

r
r

SSr 
r 

ww
e
e
D-
F

eeo
r
m

p 

p-

e

-_a

a 

C i . 
n 
lip p ed 

q 
Irr―Offset 
Tri ·一 Domain 
T ri ・一Fr eq 

Trぷ
―
Offset

Cli函ped
Scans 
Total Scan" 

= s i
D ngClOM

e_pPL
u

EX l se 
= 1 
= 13107 
= Fluori 
= Fluori ne 19 
= [ppm] 
= X 
= DELTA2 NMR 

= 9. 4073814 [Tl (400 [MHz]) 
= 86. 50752 [ms] 
= 19F 
= 376.87675879[MHz] 
= a 

6
[p3p

8
m 
4 ］ = 1 

= 1 
- 11. 55968 868 [Hz] 
= 189.39393939[kHz] 
= 151. 51515152 [kHz] 
= Fluorine19 
= 376.87675879[MHz] 
= 5[ pup mori 

] 
= Fl ne 19 
= 376.87675879[MHz] 
= 
= 

5
FAL[p pmSE 

] 

= 8 
- 8 

Relaxation _Delay = 5[s) 
Recvr Gain = 46 

1 X X
X

T 

__ 

em

Ac
An

9

p

0 亙q_
g

W
l
i
e

T
e

d
t 
imth 

e 

- 19.3[dC] 
- 7.59[us] 
- 86.50752[ms] 
= 45 [deg] 

X Atn = 3[dB] 
X-Pulse = 3. 795[us) 
Irr Mode = Off 
Tri-Mode = Off 
Danモe Pre sat = FALSE 
Initi百l Wait = 1 [S] 
Repetitヱon Tim e = 5.08650752[s] 
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X : parts per Million : Proton 

6.0 5.0 4.0 3.0 

三 F

2.0 

2.c..

1.0 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[TJ (400[MHz 
= 2.20725248[s] 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0. 45305193 [Hz] 
= 7. 42280285 [ kHz] 
= 5.93824228[kHz] 
= Proton 
= 395.88430144 [MHz] 
= 5[ppm] 
= Proton 
= 395. 88430144 [MHz] 
= 5 [ppml 
= 2暑 O[us]
= FALSE - 8 
= 8 

= 5[sl 
= 46 
= 17.S[dC] 
= 6.34[us] 
= 2.20725248[s 
= 45[deg] 
= 5[dBJ 
= 3.17[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {0, 90, 270、 180, 180 

0

|
|
00
0"
0
 

|a
a.c
 

---- PROCESSING PARAMETERS ---
sexp{ 0.2[HzJ, O.O[s]) 
trapezoid(0(%), 0［急］， 80［告］， 100［令］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN196-pure2 Pェoton-1-1.jdf 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time 

.

-

Revision Time 

Comment 
Data: Format 

-
. Dim Size 

X D面ain
D五n Title 
Di町Units
Di函nsions
Spectrometer 

Field―_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X

―

Points 
X Prescans 
X Resolution 
X Sweep 
X_Sweep_Clipped 

-
. Irr Domain 

Irr_Freq 
Irr Offset ·一Tri Domain ・一Tri_Freq 
Tri Offset 
Bla石king
Clipped 
Scan" 
Total scans 

Relaxation_Delay 
Recvr Gain 
Temp＿百et
X 90 Width 
X_Acq_Time 
X ___ Angle 
X.Atn 
X―Pulse 
迂r Mode ・一TrュMode
Dante_Loop 
Dante Presat 
Decimation Rate 
Initial Wait 
Phase 

＝如196-pure2_Proton-1-
= element 
= proton_auto.jxp 
=M邸196二pure2
= CHLOROFORM-D 
= 13-0CT-2023 14: 56: 10 
= 15-JUN-2024 17:34:36 
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X : parts per Million : Carbon13 

50.0 40.0 30.0 20.0 10.0 

人
r oo ゞm00 00 
00 00 
"- -

。

---- PROCESSING PARAMETERS---
sexp{ 2.0[Hz], 0.0[s]) 
trapezoid(0［急］，0［急］，80[%], 100［急］）
zerofill (1, TRUE) 
fft (1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN196-pure2 Carbon-1-1. jdf 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time ・一Revision Time 

Comment 
Data Format ー、Dim Size 
X Domain 
Dim_Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Dcmain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
XSweep 
X_Sweep_Clipped ―` Irr Domaュn
Irr_Freq 
Irr Offset 
Blanking 
Clipped 
Scans 
Total Scans 

= MKN196-pure2_Carbon 
= element 
= carbon_auto. jxp 
＝寧196-pure2
= CHLOROFORM-D 
= 13-0CT-2023 16:47:l 
= 15-JUN-2024 17:49:4 

= single pulse decoup 
= 1D COMPLEX 
= 26214 
= Carbon13 
= Carbonl3 
= [ppm] 
= X 
= DELTA2 NMR 

= 9. 2982153 [T] (400 [M 
= 1.048576[sl 
= Carbon13 
= 99.54517646[MHz] 
= lOO[ppm] 
= 32768 
= 4 
= 0.95367432[Hz] 
= 31. 25 [kHz] 
= 25[kHz] 
= Proton 
= 395.88430144[MHz] 
= S[ppm] 
= 5.0[us] 
= FALSE 
= 128 
= 128 

Relaxation_Delay = 2[s] 
Recvr Gain = 50 
Temp豆et = 17.5[dC] 
X 90 Width = 11. 5 [us] 
X_Acq_Time = 1.048576[s] 
X-Angle = 30 [deg] 
X Atn = 9[dBJ 
X Pulse • 

= 3. 83333333 [us] 
ー 10.01 Irr_Atn_Dee = 30. 172[dBl 

Irr Atn Dec Cale = 30.172[dBJ 
Irr Atn Dec Default Cale = 30.172[dBJ 
Irr Atn Noe = 30.172[dBJ 
Irr Dec Bandwidth Hz = 4.7826087[kHz] 
Irr Dec Bandwidth Ppm = 12.08082432[ppm] 
Irr_Dec_Freq = 395.88430144 [MHz] 
Irr Dec Merit Factor = 2.2 
Irr□Decoupling = TRUE 
Irr Noe = TRUE 
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X: parts per Million: Fluoritiel9 

---- PROCESSING PARAMETERS ----
d
se

e 
x
b

p
a 

( 
lance (0, FALSE) 

xp 0.2[Hz ｛ , O.O[s]) 
trapezoid(0急］， 0(%], 80［急］， 100［急］）

zerofill(1) 
blip(16, 64, 30) 
fft(1, TRUE, TRUE) 
machinephase 

pp m 

Filename 
Author 
Experiment 
SSaomp

l
vleent : Id 

= MKN196-pure_int_single_pul 
= element 
＝ MKN

C
s

H
in

L
O

g1l
R
9O
e6_p-

FO

pu
R
M

ulres
屯
ei • jxp = nt 

Actual Start Time = 13-0CT-2023 15:58:23 
Revision_Time = 24-JAN-2024 11:41:04 

Comment 
Data Forma t  
Dim -Si. ze 
X Domain 
D

Dii
m
m
-,

U
T

n 
i tle 

its 
Dimensions 
Spectrometer 

Field Stren gioth n 
X 
X_ADoCm<Lai

D
n urat 

X
X

―
―OFrfefq 

set 
X

―
Points 

x
X

x
x 五

ご__ 9
R―C
s

e-
m

ェ-
e

s

P

s
o—c

p 

lu

=

a

C
m t

1" 

i 

1 

on 

ipped 

Irr F rfefq se Irr a t 
Tri-Domain 

Tri Fr efq se Tri Of t 
cli函ped
Scans 
Total_Scans 

= s i
D 
nCgOlM

e_pPL
u
ElX 

s e 
= 1 
= 13107 
= Flu ori 
= Fluorine19 
= [ppm] 
= X 
= DELTA2_NMR 

= 9. 4073814 [Tl (400 [MHz]) 
= 86.50752[ms) 
= 19F 
= 376. 87675879 [MHz] 
= a 6[p3p8m 4 l = 1 
= 1 
= ll.55968868[Hz] 
= 189.39393939[kHz] 
= 151. 51515152 [kHz] 
= Fluorine19 
= 376. 87675879 [MHz] 
= 5[ pupomrュ] 
= Fl ue ne19 
= 376.87675879[MHz] 
= 5[pp m] 
= FALSE 
= 8 
- 8 

R
elaxation_ Delay = 5 [s] 

X 
RTem
e

c
9
p v

0 
r 

W
G

G 
e 
i 

a
t 
in = 4 4 

= 19.6[dC] 
dth - 7.59[us] 

I XX 
X 

_A
An
A

c
t

q_g
n 
lT
e 

ime = 86. 50752 [m s] 
= 45 [deg) 
= 3[dB) 

x-Pulse =3.795[usJ 
Irr Mode = Off 

= Off 
TD
In
ari n

i
・一t

t

M
e 

ュ
・一o
a

d
Pl r
e 

e
W
s 
a 

at = FALSE 
it = 1 [s] 

Repetition Time = 5. OS650752[sJ 
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---- PROCESSING PARAMETERS ---
sexp(0.2[Hz], O.O[s)) 
trapezoid(0[%], 0［急］， 80[%], 100［急］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE J 
machinephase 
ppm 

Derived from: MKNl 75-pure2 Proton-l '-1. jdf 

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time .- -- -
Revis•ion Time 

Comment 
Data Format 

ー·Dim Sュze
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

Field Strength 
X_Ac<CDuration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X _ _  Sweep 
X_Sweep_Clipped 
Irr Damain 
Irr_Freq 
Irr Offset 

・

一

Tri Domain 
・

一

Tri_Freq 
Tri Offset 
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp亙et
X 90 Width 
X AC生Time
X_Angle 
X Atn 
X Pulse 
Irr Mode 
Tri-Mode 
Dante_Loop 
Dante Presat 
Decimation Rate 
Initial Wait 
Phase 

= MKN175-pure2_Proton-1-
= element 
= proton_auto.jxp 
= MKN175-pure2 
= CHLOROFO瞑—D
= 29-SEP-2023 13:08:04 
= 15-JUN-2024 16:06:04 

= s土ngle_pulse
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[T] (400[MHz 
= 2.20725248[s] 
= Proton 
= 395. 88430144 [MHZ] 
= 5[ppm] 
= 16384 
= 1 
= 0. 45305193 [Hz] 
= 7. 42280285 [kHz] 
= 5.93824228[kHz] 
= Proton 
= 395.88430144[MHzJ 
= 5[ppmJ 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppm] 
= 2.0[us] 
= FALSE 
- 8 
= 8 

= 5[s] 
= 56 
= 19[dC] 
= 6.34[usJ 
= 2.20725248(s 
= 45[degJ 
= 5[dBJ 
= 3.17[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {O, 90、 270, 180, 180 

0

ー
ooo·
o

.0 7.0 6.0 

］＼↓` 
目邑包奎至蕊召蕊ま且巨蕊三四巳三oooo ooooooトlヽト·トr-- r--r--r--r--r--r--
X : parts per Million : Proton 
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210.02 00.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 

j＼ ノ人＼応よよ＼、 人
岳ま 禽邑忌蕊蕊g目ミ召｀桓・包・貧蕊 自蓑忌
〇合・
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・

百SS 22 ：：： 2 にに足
.......... ................................................ ...

X : parts per Million : Carbon13 

50.0 40.0 30.0 20.0 10.0 ゜

---- PROCESSING PARAMETERS ---
sexp(2.0[Hz], O.O[s]) 
trapezoid(0［号］，0[%], 80［き］，100［%])
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN175-pure2 Carbon-1-1.jdf 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time 

,
-

-· 
-

Revisュon Time 

Comment 
Data Format 
Dim Size 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

= MKN175-pure2_Carbon 
= element 
= carbon_auto.jxp 
= MKN175-pure2 
= CHLOROFORM-D 
= 14-0CT-2023 11:17:5 
= 15-JUN-2024 16:19:3 

= single pulse decoup 
= lD COMPLEX 
= 26214 
= Carbon13 
= Carbon13 
= [ppm] 
= X 
= DELTA2 NMR 

Field_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped - -. Irr Domain 
Irr_Freq 
Irr Offset 
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation Delay = 2[sl 
Recvr Gain = 50 
Temp＿西et = 19.S[dC] 
X 90 Width = 11.5[us} 
X_Acq_Time = 1. 048576 [s] 
X_Angle = 30 [deg] 
X Atn = 9[dBJ 
X Pulse = 3.83333333[us] 

-10.01 Irr_Atn_Dee = 30.172[dB] 
Irr Atn Dec Cale = 30.172[dBJ 
Irr-Atn Dec Default Cale = 30.172[dBJ 
Irr Atn Noe = 30.172[dBJ 
Irr Dec Bandwidth Hz = 4.7826087[kHz] 
Irr __ Dec_Bandwidth_Ppm = 12. 08082432 [ppm] 
Irr__Dec_Freq = 395.88430144[MHz] 
Irr Dec Merit Factor = 2立
Irr□Decoupling . = TRUE 
Irr.Noe = TRUE 

= 9.2982153[TJ (40D[M 
= 1.048576[s] 
= Carbon13 
= 99.54517646[MHz] 
= lOO[ppm] 
= 32768 
= 4 
= 0. 95367432 [Hz] 
= 31.25[kHz] 
= 25[kHz] 
= Proton 
= 395.88430144[MHz] 
= 5 [ppm] 
= 5.0[us] 
= FALSE 
= 128 
= 128 
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X : parts per Million : Fluorine 19

---- PROCESSING PARAMETERS----
sexp{ 0.2[Hz], 0.0[s]) 
trapezoid(0［房］，0[%], 80[%], 100[%]) 
zer ofill (1) 

fft(1, TRUE, TRUE) 
machinephase 
ppm 
phase(83.95055, O, 50［急］）

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Ac.tual Start Time 
Rev土sion Time 

Comment 
Data Format 
Dim -Sュ. ze 
X Domain 
D五n T itle 
Dim―Units 
Dimensi ons 
Spectrometer 

F土eld Strength 

X 
X ADocm

q―a
D
i

u
n 

rati on 

X Freq 
X

―
Offset 

X Po土nts
X 
X 

P 
R 

rescans 
esol ution 

X Sweep 
X Sw e

Do
e

m
p -a

C 
i 
. lipped 

Irr n 
Irr―Freq 

Irr―Offset 
Tri-Dama土n
Tri ・一Freq 
Tェ｀i

―
Offset

Bla五king
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 

X Tem9
p
0 ー百Weitdth 

X X AAncq gl
T

e 
ime 

X Atn 
X

―
Pulse 

Iでr Mode 
Tri

―
•Mode 

Danモe_Loop
Dante Presat 
Decim百tion Rate 
Initial Wa→ュ一t 
Phase 

~ MKN175-pure2_int_singl 
- element 
＝ MsK

i
Nng 

l 
l 認ulse.jxp 

- 7 ure2 int 
~ CHLOROFORM-D 
- 14-0CT-2023 11:13:30 
- 24-JAN-2024 11: 35: 11 

= Sin g
CO
l

M
e_p

PLE
u
X 
l se = 1D 

= 13107 
= Fluorine19 
- Flu orine19 
- [ppm] 
= X 
- DELTA2 NMR 

- 9.2982153[T] (400[MHz] 
- 89.12896[ms] 
- Fluorine19 
~ 372. 50336686 [MHz] 
- -lOO[ppm] 
= 16384 
= 1 
- 11. 21969784 [Hz} 
~ 183.82352941[kHz] 
= 147.05882353[kHz] 
= Fluorinel9 
= 372. 50336686 [MHz] 
= 5 [ p

u
p

o
m
rュ] - Fl nel9 

~ 372.50336686[MHz] 
= 5[ppm] 
- 2.0[us] 
= FALSE 
= 8 
- 8 

- 5[s) 
- 56 
= 19.l[dC] 
= 8.03[us] 
= 89.12896[ms] 
- 45 [deg] 
- 5[dBJ 
- 4.015[us] 
= Off 
- Off 
= 500 
= FALSE 
= 0 
= l(s] 
= {0, 90, 270, 180, 180, 
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X : parts per Million 

v .o ---- PROCESSING PARAMETERS---
sexp(0. 2 [Hz], 0.0 [s]) 
trapezoid(0［急］，0［令］，80[%], 100[%]) 
zerofill(1, TRUE) 
fft (1, TRUE, TRUE) 
machinephase 
ppm 

Der土ved from: MKN281-pure Proton-1-1. jdf 

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time ・一Revisュon Tim5 

Comment 
Data Format 
Dim Size 
X Domain 
D石n_Title
Dim·Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
XSweep.Clipped 
- -

. Irr Domaュn
Irr __ Freq 
Irr Offset ・一Tri Domain ・一Tri __ Freq 
Tヱi-Offset
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp＿百et
X 90 Width 
X AC生Time
x-Angle 
X Atn 
X

―

Pulse 
IrェMode・一Tri Mode 
Dante_Loop 
Dante Presat 
Deci函tion Rate 
Initial Wait 
Phase 

= MKN281-pure_Proton-1-2 
= element 
= proton_auto.jxp 
= MKN281=-column 
= CHLOROFORM-D 
= 25-J邸— 2024 20:22: 45 
= 15-JUN-2024 16:42:20 

= single_pulse 
= lD COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[TJ (400[MHz 
= 2.20725248[s] 
= Proton 
= 395.88430144 [MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0. 45305193 [Hz) 
= 7.42280285[kHz] 
= 5. 93824228 [kHz] 
= Proton 
= 395. 88430144[MHz] 
= 5[ppm] 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppm] 
= 2.0[us) 
= FALSE 
- 8 
= 8 

= 5[s) 
= 56 
= 19.6[dC) 
= 6.34[us] 
= 2.20725248[sJ 
= 45 [deg) 
= 5[dB] 
= 3.17 fusJ 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {0, 90, 270、180, 180 
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---- PROCESSING PARAMETERS ---
de balance { 0, FALSE) 
se函p(2.0[Hz], O.O[s]) 
trapezoid(0[%], 0［急］， 80［春］， 100［急］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN281-pure Carbon-1-1.jdf 

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 

｝＼ハ＼ ／＼＼＼人 A
no マ←一m 寸oooOViト トマ vov 
ぢ呂 マ臣写只 写：：：：写器＄箆 逗ご 閂呂忠
逗g 55� 病ま百合＄目ま苔苔 ドにま
-- ---- ------

X: parts per Million: Carbonl3 

10.0 。

Filename = MKN281-pure_Carbon-1-3.jdf 
Author = element 
Experiment = carbon. jxp 
Sample_Id • = MKN281-pure 
Sol vent = CHLOROFORM-D . 
Actual Start Time = 3-FEB-2024 12:56:29 
Revision_Time = 15-JUN-2024 17:12:39 

Comment 
Data Format 
Dim百ize
X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
x ___ Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
XSweep 
X __ Sweep _Clipped - - --. Irr Domain 
Irr_Freq 
Irr Offset 
Cli函ped
Scans 
Total Scans 

Relnxation_Delay 
Recvr Gain 
Temp亙et
X 90 Width 
X_Acq_Time 
X_Angle 
X Atn 
X Pulse 

-10.01 Irr_Atn_Dec 
Irr Atn Noe 
Irr Noise 
Irr―Pwidth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Rep百titian Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= carbon13 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[TJ {400[MHz]) 
= 1. 04333312 [s] 
= 13C 
= 100.33735165[MHz] 
= 100.0[ppm] 
= 32768 
= 4 
= 0.95846665[Hz] 
= 31.40703518[kHz] 
= 25.12562814 [ kHz l 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= FALSE 
= 128 
= 128 

- 2 ['5) 
= 50 
= 19.l[dC] 
= 10.9[us] -
= 1. 04333312 [s] 
= 30 [deg] 
= 5.4[dB] 
= 3.£3333333[us 
= 25.823[dBJ 
= 25.823[dB) 
= WALTZ 
= 0.115[ms) 
= TRUE 
= 1 [s] 
= TRUE 
= 2[s] 
= 3.04333312[s] 
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X: parts~per Million : Fluorine 19 

---- PROCESSING PARAMETERS ----
sexp(0.2[Hz], 0.0[s]) 
tr a

r
poefi z oid(0[%], O[急］、 80［号］， 100［%])

ze ro 11 (1, TRUE) 
bli 『 (16, 64, 30) 
fft 1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN281-pure-int single pulse-1-1 

Filename 
Author 
Experiment 
SS

aomplvlene t __ Id 

Actual Start Time 
Revisュ.- on -T i· m-e 

Comme nt 
Data Format 

Dim -Si. ze 
x函i:nain
Dim T itle 

D
Diimm eUn

n s its 
ュons

Spectromete r 

X 
X

Fi
_A
e

D
loc

ma
d q_Di
Stu

n 

rr
e
a

n 
t 

gth 
ion 

X Freq 
X

―
Offset 

X
―

Points 
X Pre scans 

xxx
I
I

こ
-

-

m

r

R

m^

x

. 

e

-

• 
s

e
F

F

· �. 
oe

函

:
心

�ふp[u-
吋
C

t
＾
i l on 

ipped 

Irr-O
r

f
e
f

q set 
Trュ・ 一 Domain 
Tri ・一 Freq 
Tri

―
Offset 

BCli
la函ppe

indg 
Scan:, 
Total_Scans 

R

X 
RT

e
eemlc

9

apv

0 亙
xr

W

a
etG

i

ia

d
t 

o土

t

nn
h 

_Delay 

Xx 
X 
__ _  AAn

At

c
n 
q_gl

T
e 
irne 

X
―

Pulse 
I；；r Mode 
Tri-Mode 

Dant e Loop 
Dante―Presat 
Deci函tion Rate 
Initial Wait 
Phase 

= MKN281-pure-int_single 
~ ele ment 
= sing l e

1
_p 

-
ロulse.jxp 

� MKN28 -
FO
puR

M
re --int 

= CHLORO D 
= 1-FEB-2024 15: 22: 36 
= 15-JUN-2024 17: 19: 58 

= s 
D 

inC
g

O
l

M
e_p

PLuEX 
ls e 

= 1 
= 13107 
= Fluorine19 
= Fluorine19 
= [ppm] 
= X 
= DELTA2._NMR 

= 9.2982153[T] (400[MHz] 
= 89.12896[ms] 
= Fluorine19 
= 372. 50336686 [MHz] 
= -lOO[ppmJ 
= 16384 
= 1 
= 11. 21969784 [Hz] 
= 183. 82352941 [kHz] 
= 147.05882353[kHzJ 
= J;'.luorine19 
= 372. 50336686 [MHz] 
= 5[ p

u
pomri ] = Fluo ne19 

= 372.50336686[MHz] 
= 5( pp

O
[mus ] = 2. J 

= FALSE - 8 
= 8 

= 5[sl 
= 56 
- 18.S[dCJ 
= 8. 03 [usJ 
='89.12896[ms] 
= 45 [deg] 
� S[dB] 
= 4.015[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {0, 90, 270、 180、 180、
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X : parts per Million : Proton 

5.0 4.0 3.0 2.0 1.0 

---- PROCESSING ·PARAMETERS---
de balance (0, FALSE) 
seヌp(0.2[Hz), O.O[s]) 
trapezoid(0[%], 0［吾], 80[%], 100[%)) 
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
machinephaae 
ppm 

Derived from: MKN306 pure Proton-1-1.jdf 

F土lenarne = MKN306_pure_Proton-1-3. jdf 
Author = element 
Experiment = proton.jxp 
Sample_Id = MKN306 column 
Solvent = CHLOROFORM-D 
Actual Start Time = 22-FEB-2024 19:59:20 
Revision_Tirne = 17-JUN-2024 12:12:47 

Comment 
Data Format 

=
· Dim Sュze

X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Fiel屯Strength
X ___ Acq_ Duration 
X Domain 
XFreq 
X Offset 
X Po土nts
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 

-

. Irr Domain 
Irr Freq 
Irr Offset ・一Tri Domain 
Tri_Freq ・一Tri Offset ・一Clュpped
Scan:, 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp亙et
X 90 Width 
X_Acq_Time 
x血gle
X Atn 
X Pulse 
Irr Mode ・一TrュMode
Dante Presat 
Initi百1 Wait 

一Repetitュon Time 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[TJ (4001MHz 
= 2.18890241s] 
= lH 
= 399.03472754[MHzJ 
= 5.0[ppm] 
= 16384 
= 1 
= 0.45684997 [Hz] 
= 7. 48502994 [kHz] 
= 5.98802395[kHzJ 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= FALSE 
- 8 
= 8 

= S[s) 
= 40 
= 18.2[dC) 
= 6.6[us) 
= 2.1889024[s] 
= 45[deg] 
= l[dB] 
= 3.3[us] 
= Off 
= Off 
= FALSE 
= l[s] 
= 7.1889024[s] 
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---- PROCESSING PARAMETERS ---
de balance (. 0, FALSE J 
seヌp(2.0[Hz], O.O[s]) 
trapezoid(0 [%], 0 [%), 80［急）， 100［急］）
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN306-pure Carbon-3-1.jdf 

L
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I
芯 ．6-
西

68t'611!l.
 
●

會x per

|
g
点

ISL .ulp
 
．．

 
x

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0 llO.O 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 
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X : parts per Million : Carbonl3

。

Filename = MKN306-pure_Carbon-3-2. jdf 
Author = element 
Experiment = carbon.jxp 
Sample_Id = MKN306-pure 
Solvent = CHLOROFORM-D 
Actual Start Time = 24-FEB-2024 14:10:38 
Revision_Time = 17-JUN-2024 12:25:05 

Comment 
Data Format 

=

· Dim Size 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 

-
. Irr Domain 

Irr_Freq 
Irr Offset 
Cli函ped
Scans 
Total Scans 

Relaxation __ Delay 
Recvr Gain 
Temp亙et
X 90 Width 
X_Acq_Time 
X_Angle 
X Atn 
X Pulse 

ー10.01 Irr-Atn-Dec 
Irr Atn Noe 
Irr Noise 
Irr Pwidth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Repetition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbon13 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[T] (400[MHz]) 
= 1. 04333312 [s] 
= 13C 
= 100.33735165[MHz] 
= 100.0[ppmJ 
= 32768 
= 4 
= 0.95846665[Hz] 
= 31.40703518 [kHz] 
= 25.12562814 [kHz] 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= FALSE 
= 64 
= 64 

= 2[sJ 
= 50 
= 18.3[dC] 
= 10.9[us] 
= 1. 04333312 [S] 
- 30[deg] 
= 5.4[dB] 
= 3.63333333[us 
= 25.823[dB] 
= 25.823[dB] 
= WALTZ 
= 0.115[ms] 
= TRUE 
= 1 [s] 
= TRUE 
= 2{s] 
= 3.04333312[s] 
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X: parts per Million: Fluorinel9 

---- PROCESSING PARAMETERS----
dc_balance (0, FALSE) 
sexp(0.2[Hz) O.O[s)) 
tr arpoef

i 
z oid(0[%

’ 
], 0(%], 80[%], 100［急］）

ze 11 (1, TRUE) 
bl 評 (16, 64, 30) 
ff 1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN306-pure-int single pulse-1-1 

Filename = MKN306-pure-int_single王ul
Author - element 

A

E

SSoxacmppl

t

e

u

ve

a

lren

l 

im_t 

·

e
I

S

n 
d 

t 

t 
= 

MKN
C

s

H
in

LO
g3
R

l
0
O

e
6
_p
-F

O
p
uu
R
M
lrs 

e -e.jxp 
= -int 
= D 

art Time = 24-FEB-2024 13:18:27 
RevisJ.・ 一On Tirn5 

Comment 
Data Format 
Dim 一Si· ze 
X Domain 
Dim Title 
Dim

―
Units 

Dimensions 
Site 
Spectrometer 

Field Stren i th 
Xx_-ADo

cma�Di
n 
urat on 

X
―

Freq 
X

― Offset 
x-Points 
X Prescans 
x-R esolution 

xx'I工こ"r
r
s的r
r

"-―蝉鋲~F
。f

平

p

e
f
‘勺
q
s

C

e

＂ 1
t 

ヰゃ辺

Tri ・一Domain 
Tri-Freq 
TCliri

―

p
O

pefd fset 

Scans 
Total_Scans 

= 17-JUN-2024 12:29:14 

= sing l
OM
e_p

PL
u

EX 
l se 

= 1D C 
= 13107 
= Fluori 
= Fluorine19 
= 
= X 

[ppm] 

= JNM-ECS400 
= DELTA2_NMR 

= 9.37221[T] (400[MHz]) 
= 86.50752[msl 
= 19F 
= 375.46772873[MHz] 
= 0[ 蜜 ］ 
= 16 
= 1 
= 11. 55968868 {Hz] 
= 189.39393939[kHz] 
= 151. 51515152 [ kHz] 
= Fluorine19 
= 375.46772873[MHz] 
= 5( p

upomr1. ] 
= Fl ne19 
= 375.46772873[MHz] 
= S[ppm] 
= FALSE 
- 8 
= 8 

Relaxation_Delay ~ S[s] 
Recvr Gain = 44 

X Tem9p0―百Weitdth 
- 18.4[dC] 
- 7.6[us] 

I XX
X 

__
A

A
An

t
cq__g
n 

lTe ime = 86. 50752 [ms] 
= 4 5[deg] 
= 2.5[clB] 

x-Pulse = 3. 8 [US] 
Iでr Mode = Off 
TDarnュ

・
一tM

e odPe 
resat 

= Off 
= FALSE 

Initi百1 Wait = 1 [s] R
epetition Time = 5.08650752[s] 
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---- PROCESSING PARAMETERS---
sexp{ 0.2[Hz], O.O[s]) 
trapezoid{ 0(%], 0［急］，80［き］，100［急］）
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN221-pure Proton-1-1.jdf 
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X : parts per Million : Proton 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time 
Revision Time 

comment 
Data Format 

-

. Dim Size 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X Freq 
x Offset 
X Points 
X Prescans 
X Resolution 
X Sweep 
X_Sweep_Clipped 

-

. Irr Domain 
IrrFreq 
Irr Offset 
Tri Domain 
Tri_Freq 
Tri Offset 
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp亙et
X 90 Width 
X __ Acq _ _  Time 
X_Angle 
X Atn 
X Pulse 
Irr Mode 
Tri Mode 
Dante ___ Loop 
Dante Presat 
Decimation Rate 
Initial買ait
Phase 

= MKN221-pure_Proton-1~2 
= element 
= proton_auto.jxp 
= MKN22仁pure
= CHLOROFORM-D 
= 23-JAN-2024 17:15:19 
= 17-JUN-2024 11:44:47 

= single....Pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= x 
= DELTA2 NMR 

= 9.2982153[TJ (400[MHz 
= 2. 20725248 [s) 
= Proton 
= 395. 88430144 (MHz] 
= 5[ppm] 
= 16384 
= 1 

= 0.45305193[Hz) 
= 7.42280285(kHzJ 
= 5.93824228(kHzJ 
= Proton 
= 395. 88430144 [MHz] 
= 5(ppm) 
= Proton 
= 395.88430144[MHz] 
= 5(ppmJ 
= 2.0[us] 
= F江SE= 8 
= 8 

= 5[s] 
= 56 
= 19.3[dC] 
= 6.34[us) 
= 2.20725248(8 
= 45[deg] 
= 5[dB] 
= 3.17[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {0, 90, 270, 180, 180 
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---- PROCESSING PARAMETERS---
de balance(0, FALSE) 
seヌp(2.0[Hz], O.O[s]) 
trapezoid(0［を］，0 ［冦l, 80［急］，100［暑］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN221-pure Carbon-1-1. jdf 

Filename = MKN221-pure_Carbon-1-2. jdf 
Author = element 
Experiment = carbon.jxp 
Sample_Id = MKN221-pure 
Solvent = CHLOROFORM-D 
Actual Start Time = 23-JAN-2024 18:56:15 
Revision Time 

• 
= 17-JUN-2024 11: 53: 19 

Comment 
Data Format 
Dim Size 
X Domain 
Dim Title 
Dim-Units 
Dimensions 
Site 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
x __ Freq 
X Offset 
X

―

Points 
X Prescans 
X Resolution 
X_Sweep 
x_sweep_Clipped 

-
.Irr Domain 

Irr_Freq 
Irr Offset 
Clipped 
Scans 
Total Scans 

Relaxation.:..Delay 
Recvr Gain 
Temp＿西et
X 90 Width 
X_Acq_Time 
X Angle 
X Atn 
X Pulse 

110.01 IEr_Atn_Dec 
Irr Atn Noe 
Irr Noise 
Irr-Pwidth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Repetition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbon13 
= [ppm] 
=X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[T] {400[MHz 
= 1. 04333312 [s] 
= 13C 
= 100. 33735165 [MHz] 
= 100. 0 [ppm] 
= 32768 
= 4 
= 0.95846665[Hz] 
= 31. 40703518 [ kHz] 
= 25. 12562814 [kHz] 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= FALSE 
= 256 
= 256 

- 2[,i] 
= 50 
=19.7[dC) 
= l0.9[us) 
= 1. 04333312 [S] 
= 30[deg] 
= 5.4[dB] 
= 3.63333333[us) 
= 25.823[dB] 
= 25.823[dB) 
= WALTZ 
= 0.115 [ms) 
= TRUE 
= l[s) 
= TRUE 
= 2[sJ 
= 3.04333312[s] 

80.0 70.0 60.0 50.0 40.0 30.0 2 0.0 10.0 
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X : parts per Million : Carbonl3 
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X : parts per Million : Fluorine 19

---- PROCESSING PARAMETER S----
sexp(0.2[Hz], O.O[s]) 

tr a
r
p

o
e

f
i z oid(0［号］，0[%], 80[%], 100［全］）

ze 11 (1) 
bl i 『 (16, 64, 30) 

fft 1, TRUE, TRUE) 
machinephase 
ppm 

Filename 
Author 

ES
S

xaomp
p

l

e
velrn

i
e

m
_

t 

e
Ind t 

Actual Start Time 
Revisi・ 一on T ime 

Commen t 

D
X 

Da
im t

D
a 
o

ma

一Sュ
F、 oz
i

e 

n 

rmat 

Dim Title 
Dim Unit s 

Dimensi ons 
Spectr ometer 

Field St
u
r

r
e

a
ntgio

thn XX
_A―

Docma�
Din 

u 

X Freq 
X

― O ffset 
x-Points 
X

―
Prescans 

xx x
I

I

-
rェ

R

?~z
ェ
.• —
e

�

s
.

rr
. -· .

o

.へ

m

••.Ir

e

L
m
. 
u

o つ
tc
i
土1 
n 

o

i

n 

pped 

req 
Irr Offset 
Tri Domain 
Tr ii 

a
i

・·一_一

p

nO

p

k
F
i

e
rfn
d 
efsq g e Tr t 

Bl 
Cl 
Scano 
Total_Scans 

Relaxat土on_Delay
Recvr Gain 

X Tem9
p
0 亙Weitdth 

XX __ 
A
An

cq_
g

lT
e 

ime 

X Atn 
X

―
Pulse 

Irr Mode 
Tri-Mode 

Dante Loop 
Dante―Pres at 
Decim云tion Rate 

Initial Waつi一 t 
Phase 

= MKN22 n1-
t 
pu re-int_single 

- eleme 
＝ 

M
KNsing2l 2 e1_p -0 ulse.jxp 

= pure-i． n t
= CHLOROFORM-D 
= 23-J碑-2024 17:28:53 
= 17-JUN-2024 11:57:29 

= s i
D 
ng

CO
l

M
e_p

PL
u

EX 
ls e 

= 1 
= 13107 
= Fluorine19 
= Fluorine19 
= [ppm] 
=X 
= DELTA2_NMR 

- 9.2982153[T] (400[MHz] 
= 89.12896 [ms] 
= F lu

o
rine19 

= 372. 50336686 [MHz] 
= -lOO[ppmJ 
= 16384 
= 1 
= 11. 21969784 [Hz] 
= 183.82352941[kHz] 
- 147.05882353[kHz] 
= Fluorine19 
= 372.50336686[MHz] 
= S[ppm) 
= Fluorinel9 
= 372.50336686[MHz] 
= 5[ p

Opm[us] = 2、 ]
= FALSE 
- 8 
- 8 

= 5[s] 
= 56 
- 18.S[dC] 
= 8.03[us]' 
= 89.12896 (ms] 
= 45[deg] 
= 5[dBJ 
= 4.015[us] 
= Off 
- Off 
= 500 
= 
= 

F
0 

ALSE 

= l[sJ 
= {O,. 90, 270、180、180,
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X : parts per Million : Proton 
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---- PROCESSING PARAMETERS---
sexp(0.2[Hz], O.O[s]) 
trapezoid(0(%], 0［急］，80[%], 100［急］）
zerofill(1, TRUE) 
fft (1, TRUE、TRUE)
machinephase 
ppm 

Deェived fェom: MKN240-pure Proton-1-1.jdf 

Filename 
Author 
Experiment 
Sample Id 
Solvent 
Actual Start Time · - -
Revision Time 

Comment 
Data Format -. Dim Size 
X Domain 
DTm Title 
Dim―Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
x rreq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
x_sweep Clipped- - --. Irr Domain 
Irr_Freq 
Irr Offset 

・
一

Tri Domain 
・
一

Trl. Freq 
Tri Offset 
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation Delay 
Recvr Gain 
Temp＿西et
X 90 Width 
X_Acq_Time 
X_Angle 
X Atn 
X Pulse 
Irr Mode 
Tri-Mode 
Dante Loop 
Dante Presat 
Decimation Rate 

T Initial Wait 
Phase 

= MKN240-pure_Proton-1-2 
= element 
= proton_auto. j xp 
= MKN240::pure 
= CHLOROFORM-0 
= 23-J邸-2024 17:22:40 
= 17-JUN-2024 11:22:06 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[T] (400[MHz] 
= 2.20725248[s] 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0. 45305193 [Hz) 
= 7.42280285[kHz] 
= 5. 93824228 [kHz] 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppm] 
= Proton 
= 395. 88430144 [MHz) 
= S[ppm] 
= 2.. 0[us) 
= FALSE - 8 
= 8 

= 5[s] 
= 56 
= 19[dC] 
= 6.34[us] 
= 2. 20725248 [sl 
= 45[deg] 
= 5{dB) 
= 3.17[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {0, 90, 270、180, 180, 
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---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
se函p(2.0[Hz), O.O[s)) 
trapezoid(0(%], 0[%], 80［き］， 100［号］）
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
mac国．nephase
ppm 
reference (77.13146 [ppm], 77 [ppm)) 
thresh(4. 48623［急1, 1, )  

Derived from: MKN240-pure Carbon-l-1. jdf 

Filename = MKN240-pure_Carbon-1-2.jdf 
Author •= element 
Experiment = carbon. jxp 
sample_Id = MKN240-pure 
Solvent = CHLOROFORM-D 
Actual Start Time = 23-J邸-2024 19:31:00 
Revision_Time = 17-JUN-2024 11:29:40 

Comment 
Data Format =· Dim S].ze 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer, 

Fiel史Strength
X _ Acq_ Duration 
X Domain 
XFreq 
X Offset 
X Points 
X Prescans 
X Resolution 
X _ _  Sweep 
x_sweep_Clipped 

-

, Irr Domain 
Irr_Freq 
Irr Offset 
Cli函ped
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp_<互et
X 90 Width 
X_Acq_Time 
X _Angle 
X Atn 
X Pulse 

-10.01 丘r-Atn_Dec
Irr Atn Noe 一 ・一Irr Noise 
Irr Pwidth 
Decoupling 
Initial阿ait
Noe 
Noe Time 
Repetition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbon13 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9. 37221 [Tl (400 [MHz] l 
= 1. 04333312 [s] 
= 13C 
= 100.33735165[MHz] 
= 100.0[ppm] 
= 32768 
= 4 
= 0. 9584 6665 [Hz) 
= 31. 40703518 [kHz) 
= 25.12562814 [kHz) 
= Proton 
= 399. 03472754 [MHz] 
= 5.0[ppm] 
= FALSE 
= 256 
= 256 

- 2[s) = 50 
= 19.6[dC] 
= l0.9[us] 
= 1.04333312 [s] 
= 30[deg] 
= 5.4[dB] 
= 3. 63333333 [us] 
= 25.823[dB] 
= 25. 823 [dB] 
= WALTZ 
= 0.115[msJ 
= TRUE 
= l[s] 
= TRUE 
= 2[s] 
= 3.04333312[s] 
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X: parts per Million: Fluorinel9 

---- PROCESSING PARAME TERS ----
sexp(0.2[Hz], O.O[s]) 
trapezo id(0［急］，0[%), 80［急］，100(%))
zerofill(1) 
bli 『 (16, 64, 30) 
fft 1, TRUE, TRUE) 
machinephase 
ppm 

Filename 
Author 
Experiment 
s 

o
am

l
p 
v 

le Id 
• S vent 

Actual Start Time 
Revisi・ 一on Time 

Comment 
Data Fo rmat 

Dim百ize

X 
D

im 
Dom

T
a i in 

tle 
Dim―Units 
Dimensions 
Spectro meter 

Field Stren gioth n 
X
X_A-

Do
crncCaDi

u
n 

rat 
X Fre

fq se X 
X

―OPo
f 
int

t 
s 

X
―

Prescans 
X

―
Resolution 

X Sweep 
XI

_rS
r w

e
D
e
o m

p_-a
Ci. 

n 
lipped 

Irr
―

Freq 
Irr―Offset 
Tri ・一 Domain 
T

T
r
rii ・一_OF

rfefsq et 
Bl ai

p
npkiend g Cl 

Scans 
Total_Scans 

Relaxation_Delay 
Recvr Gain 

X 
Tem9p0 ＿百Weitdth 
XX
X __ 

A
AAn
c

t
q_

n glT
e 
ime 

X
―

Pulse 
Irr Mode 

D
TD
r
a

an
n].

・

一t
t

Me
e 
_odL

Pe o
roe

p sat 
Decimi辻ion Rate 
Initial_Wait 
Phase 

= MKN24 
n

0-
t 

p ure-int_single 
- eleme 
= sin g 認ulse. jxp 
＝寧 ure-int
= CHLOROFORM-D 
= 23-JAN-2024 17:33;35 
- 24-JAN-2024 11: 59: 08 

= S D 
ing

CO
l

M
eyPLuEX 

ls e 
= 1 
= 13107 
= Fluo rine19 
= Fluo rine19 
= [ppm] 
=X 
= DELTA2 NMR 

= 9.2982153[T) (400[MHz) 
= 89.12896[ms] 
= Fluorine19 
= 372. 50336686 [MHz J 
= -lOO[ppmJ 
- 16384 
= 1 
= 11. 21969784 [Hz] 
= 183. 82352941 [kHz] 
= 147.05882353[kHz] 
= Fluor ine19 
= 372.50336686[MHzJ 
= 5[ppm] 
= Fluorine19 
= 372. 50336686 [MHz] 
= 5[ p

Opm
[us l = 2. l 

= FALSE - 8 
= 8 

= S[s] 
- 56 
- 18.7[dC] 
= 8.03[usJ 
= 89.12896 [ms) 
= 45 [deg) 
= 5 [dBJ 
= 4.0lS[us] 
= O f f
= Off 
= 500 
- FALSE 
= 0 
= l[s] 
= (0, 90, 270, 180, 180, 
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X : parts per Million : Proton 

6.0 5.0 4.0 3.0 2.0 1.0 

---- PROCESSING PARAMETERS---
sexp(0.2[Hz], O.O[s]) 
tヱapezoid(O[号］，0[%], 80［も］，100［急］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Deェived from: MKN272-puェe Proton-1-1. jdf 

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time 
Revision Time 

Comment 
Data Format 
Dim百ize
X Domain 
Dim Title 
Dim―Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq__Duration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 

一
置Irr Doma].n 

Irr __ Freq 
Irr-Offset ・一Tr].Domain ・一Tr].Freq 
Tri-Offset 
Bla五king
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 

~'Temp＿忌et
X 90 Width 
X_Acq__Time 
X_Angle 
X Atn 
X Pulse 
Irr Mode 
Tri-Mode 
Dante Loop 
Dante―Presat 
Decim云tion Rate “ Initial Wa].t 
Phase 

= MKN272-pure_Proton-1-2 
= element 
= proton_auto.jxp 
= MKN272=-pure 
= CHLOROFORM-D 
= 20-JAN-2024 15:44:09 
= 17-JUN-2024 10:40:04 

= s土ngle_pulse
= lD COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[T] (400[MHz 
= 2. 20725248 [s] 
= Proton 
= 395.88430144[MHz] 
= 5[ppm] 
= 16384 
= 1 
= 0. 45305193 [Hz] 
= 7.42280285[kHz] 
= 5. 93824228 [kHz] 
= Proton 
= 395.88430144 [MHz] 
= 5[ppm] 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppm] 
= 2.0[us] 
= FALSE - 8 
= 8 

= 5[s] 
= 56 
= 18.9[dC] 
= 6.34[usJ 
= 2.20725248[s 
= 45[degJ 
= 5[dB] 
= 3.17[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= {0, 90, 270 、 180, 180 
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X: parts per Million : Carbon13 
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---- PROCESSING PARAMETERS---
sexp(2. 0 [Hz], 0. 0 [s]) 
trapezoid(0[%1, 0［急］，80 [%], 100［急］）
zerofill (1, TRUE) 
fft (1, TRUE, TRUE) 
machinephase 
ppm 
reference (77.15094 [ppm], 77 [ppm]) 
thresh (2. 87842［告］，1, )

Derived from: MKN272-pure Carbon-1-1.jdf 

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time 

.
-

-· 

-

Revision Time 

Comment 
Data Format 
Dim百ize
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

= MKN272-pure_Carbon
= element 
= carbon_auto. jxp 
= MKN272=pure 
= CHLOROFORM-D 
= 20-J碑ー2024 16:03:2 

= 17-JUN-2024 11: 12: 5 

= single pulse decoup 
= lD COMPLEX 
= 26214 

= Carbon13 
= Carbon13 
= [ppm] 
=X 

= DELTA2.NMR 

Field_Strength 
X_Acq__Duration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 
- -

. Irr Domain 
Irr_Freq 
Irr―Offset 
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation匹lay - 2[sl 
Recvr Gain = 50 
Temp Get = 18.8[dC] 
X 90 Width = 11.S[us] 
X_Acq__Time = 1. 048576 [s] 
x=AngTe = 30 [deg] 
X Atn = 9[dB] 
X Pulse = 3.83333333[us] 

ー10.0| Irr_Atn-Dee = 30. 172 [dBl 
Irr Atn Dec Cale = 30.172 [dB] 
Irr Atn Dec Default Cale= 30.172[dBJ 
Irr Atn Noe = 30.172 [dB] 
Irr Dec Bandwidth Hz = 4.7826087[kHz] 
Irr_Dec_Bandw.idth_Ppm = I2.08082432[ppm] 
Irr_Dec_Freq = 395.88430144[MHz] 
Irr Dec Merit Factor. = 2.2 
Irr二Decoupling = TRUE 
Irr Noe = TRUE 

= 9.2982153[T] (400 
= 1.048576[s] 
= Carbon13 

= 99.54517646[MHz] 
= lOO[ppmJ 
= 32768 
= 4 
= 0. 95367432 [Hz] 

= 31.25[kHz] 
= 25[kHz] 
= Proton 
= 395.88430144[MHz] 
= 5[ppm] 
= 5.0[us] 
= FALSE 

= 256 
= 256 
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マ
X: parts per Million: Fluorinel9 

---- PROCES SING PARAM ETERS ----
sexp(0.2[Hz], O.O[s]) 

trapezoid(0(%], 0［急］，80[%], 100[%]) 
ze rofi ll (1, TRUE) 
bli f (16, 64, 30) 

fft n1e, phTRaUsE e , TRUE) 
rnachi 
ppm ， 

Derived from: MKN272-pure-int single pulse-1-1 

Filena me 
Author 
E

S
So

xarnp
p

l

e

v
l

e
re

n

im_
t 

e
I

nd t 

Actual Start Time 
Revisi.-on -Ti· m-e 

Comme nt 
D

D
a
im t a  一SFi·

oze 
rma t

X Domain 
Dim Title 

D
Dii

mm eU
n
n s its 

ions 
Spectrometer 

Fie ld Strength 

XX ―A
Doc

ma
q二Di

n
uration 

X Freq 
X

―
Offset 

X
―

Points 
X Prescans 
X

―
Resolut ion 

X X
I
I 

__ 
rr

_ 
S
S
r r 
ww

e
e
D

F

e
e
o

r
m
p 

p

e

_-
aa 
Ci. 

n 
l ipped 

q 
Irr―Offset 
T

Tr
ri i ・一_DFor

ma
eq 

i n 

Tri-Offset 
Blanking 
Clipped 
scans 
Total_Sca ns 

Relaxation Delay 
Recvr Gain 

X Tem9
p

0 亙Weidtth 
Xx
X 
_-

A

A
An
c

tn
q_

g
lTe ime 

X
T

I―r
ri

Pr -uM
M

l
s

o
o

d
e 

d
e 
e 

Dant e Loop 
Dante―Presat 
Deci函iti on Rate 

In itia l Wa 一it 
Phase 

= MKN272- pure-int_single 
= e le ment 
＝ MKNsing2l 

7 e2_
p

-p
u 
u 
lse.jxp 

= re-int 
= CHLO ROFOru←D 
= 20-J邸—2024 15:58:51 
= 17-JUN-2024 10: 45: 48 

= s i
D 
nC

g
O
l

M
e_p

PL
u
EX ls e 

= 1 
= 13107 
= Fluorinel9 
= Fluorine19 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[T] (400[MHz] 
= 89.12896 [ms] 
= Fluorin e19 
= 372.50336686[MHZ] 
= -lOO[ppmJ 
= 16384 
= 1 
= 11. 21969784 [Hz] 
= 183. 82352941 [kHz] 
= 147.05882353[kHz] 
= Fluorine19 
= 372. 50336686 [MHz] 
= 5[ p

u
pomr

i ] 
=Flo ne19 
= 372.50336686[MHz] 
= 5( pO

pm[us 
] 

= 2. l 
= FALSE 
- 8 
= 8 

~ 5[s) 
= 56 
~ 18.3[dC] 
= 8.03[us] 
= 89.12896 [ms] 
= 45[deg] 
= 5[dB] 
= 4.0lS[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[sJ 
= (0, 90, 270, 180, 180, 
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---- PROCESSING PARAMETERS---
de balance(. 0, FALSE J 
se王p(0.2[Hz], O.O(s]) 
trapez.oid(0[%], 0[%), 80[%], lOb［房］）
zerofill(1、TRUE)
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN274-pure Pr.oton-1-1.jdf 

Filename = MKN274-pure_Proton-l-2.jdf 
Author = element 
Experiment = proton. jxp 
Sample_Id =寧274-pure
Solvent = CHLOROFO斑←D
Actual Start Time= 20-J邸— 2024 14:22:21 
Revision Time = 17-JUN-2024 10:17:13 

Comment 
Data Format 
Dim Size 
X Domain 
Dim Title 
Dim―Units 
Dim百nsions
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X __ Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
XSweep 
X_Sweep_Clipped -. Irr Domain 
Irr __ Freq 
Irr―Offset 
Tri-Domain 
Tri

―

Freq 
Tri Offset 
Cli函ped
Scans 
Total. Scans 

Relaxation_Delay 
Recvr Gain 
Temp_Get 
X 90 Width 
X_Acq_Time 
XAngle 
X Atn 
X Pulse 
Irr Mode ・一Tri Mode 
Dante Presat 
Initial Wait 
Repetition Time 

= single_pulse 
= 1D COM丙LEX

= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.4073814[TJ {400[MHz] J 
= 2.18103808[s] 
= lH 
= 400.53219825[MHz] 
= S[ppm] 
= 16384 
= 1 
= 0. 45849727 [Hz] 
= 7.51201923[kHz] 
= 6.00961538[kHzJ 
= Proton 
= 400.53219825(MHz] 
= 5[ppm] 

= Proton 
= 400.53219825[MHz] 
= 5[ppm] 

= FALSE 
= 8 
= 8 

= 5[s] 
= 42 
= 19.3[dC] 
= 6.7[us] 

= 2.18103808[s] 
= 45 [deg] 
= 0.8[dB] 
= 3.35[us] 

= Off 
= Off 
= FALSE 
= 1 [S) 
= 7.18103808[s] 

0

ー

|
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|
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= single pulse decoup 
= 1D COMPLEX 
= 26214 
= Carbon13 
= Carbon13 
= [ppm] 
= X 
= DELTA2 NMR 

= 9.2982153[T) (400[M 
= 1.048576[sJ 
= Carbonl3 
= 99.54517646[MHz] 
= lOO[ppmJ 
= 32768 
= 4 
= 0.95367432[Hz] 
= 31.25[kHzJ 
= 25 [kHz) 
= Proton 
= 395.88430144[MHz] 
= S[ppm] 
= 5.0(usJ 
= FALSE 
= 256 
= 256 

80.0 70.0 60.0 50.0 40.0 30.0 20,0 

A I 
ゞ0マ Vrooo 『moゞ v
トトと; 00 rr『` 寸

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 

））」卜）／＼ 入人
姦桓疋恩冦弓沼蕊弓祭呂岳 写苔苔忍
0ご舌ま病病念含哀哀辟ば ごご蓉ぷ..... -..... -.......... ......................... - - ..... 

X : parts per Million : Carbon 13 

10.0 。

---- PROCESSING PARAMETERS ---
sexp(2.0[Hz], O.O[s]) 
trapezoid(0[%]、 0 ［急］，80［合］，100[%])
zerofill (1, TRUE) 
fft (1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN2.74-pure Carbon-1-1. jdf 

Filename 
Author 
Experiment 
Sample_Id 
Solvent 
Actual Start Time 

.
-

-· 

-

Revision Time 

Comment 
Data Format 

一

·Dim Size 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Ac<CDuration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 
- -

. Irr Domain 
Irr_Freq 
Irr Offset 
Blanking 
Clipped 
Scans 
Total Scans 

= M邸274-pure_Carbon
= element 
= carbon_auto.jxp 
= MKN274=pure 
= CHLOROFORM-D 
= 20-JAN-2024 15:16:4 
= 17-JUN-2024 10:28:0 

Relaxation_Delay. - 2 [sl 
Recvr·Gain = 50 
Temp亙et = 18.5[dC] 
X 90 Width = 11. 5 [us] 
X_Ac史Time = 1.048576[s] 
X_Angle = 30[deg] 
X Atn = 9[dB) 
X Pulse = 3.83333333[usJ 

ー10.01 Irr_Atn_Dee = 30. 172[dBl 
Irr Atn Dec Cale = 30. 1 72 [ dB) 
Irr Atn Dec Default Cale = 30.172[dBJ 
IrヱAtn Noe = 30.172[dBJ 
IrェDec Bandw土dth Hz = 4. 7826087 [kHz] 
Irr=Dec=BandwidthこPpm = 12.08082432[ppmJ 
Iヰ＿Dec_Fェeq = 395.88430144[MHzJ 
Irr Dec Merit Factor = 2.2 
Irr-Dec5upling. = TRUE 
Irr Noe . · = TRUE 
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X : parts per Million : Fluorine 19

---- PROCESSING PARAMETERS----
sexp(0.2[Hz], O.O[s]) 
trapezoid(0[%], 0［急］，80［%], 100［号］）

ze rofill (1) 
blip(16, 64, 30) 
fft(1, TRUE, TRUE) 
machinephase 

ppm 

File n ame 
Au thor 
E

S
S

aoxmp
p

l

e

ve
rle

n
i_m

t 

e
Ind t 

Actual Start Time 
R evision_Tirn百

Comment 
Da ta Forma t 
Dim百ize
xDim 函maTi 

in 
tle 

Dim―Units 
Dimensions 

Sp ectrometer 

Fiel d S tre n
t

g
io

th 
n Xx_-ADocma�

D土un ェa

XX_
―
OFrfe

f
q 
set 

X
―

Points 
X
―

Prescans 
X-R e solu tion 

XXI
I
_-_r
r

S
S

r r
ww
_

e
e

D
F

e
eo

rm

p 
p

e

_-a
q 
Ci. ln 

土pped

Irr―Offset 
Tri ‘― Doma in 
Tr亡Freq
Tri

―
。ffset

Blank i
e
n

d 
g 

Clipp 
Scans 
Total scans 

Relax ation_Delay 
Recvr Gain 

T
X 

x
X
X

呻―

A

釦
血

9
平
0

rn

丸＿
叩

己肩i9
•
t d五t

峰

h 

X
―

Pulse 
ITでrir -M

Mo
odde 

e 

DD
aannt

t
e e LP

oroep 
sat 

Deci函tion Ra te 
Initial Wa マit 
Pha se 

= MKN274-pure-int_sing le 
= element 
＝ 
M KN

sing 
2 

1 e4--P 
ロ

ulse.jxp 
= 7 p ure-int 
- CHLOROFO邸—D
= 20-J邸—202415:12:22 
= 17-JUN-2024 10:23:33 

= s 
D 
ing

COM
le_pPLuEX 

ls e 
= 1 
= 13107 
= Fluorine19 
= Fluorine19 
= [pp m] 
= X 
= D ELTA2 NMR 

= 9.2982153[T] (400[MHZ] 
= 89.12896[ms] 
= Fluorine19 
= 372. 50336686 [MHz] 
= -lOO[ppmJ 
- 16384 
= 1 
= 11. 21969784 [Hz] 
= 183.82352941[kHzJ 
= 147.05882353[kHz] 
= Fluorine19 
= 372. 50336686 [MHz J 
= 5[ p

u
pom

ri 
] 

~ Fluor nel9 
= 372. 50336686 [MHz] 
= 5[ pOpm[us ] - 2. J 
= FALSE 
- 8 
- 8 

= 5[ s) 
= 56 
~ 18.S[dC] 
= 8,03[usJ 
= 89.12896[ms] 
= 45[de g] 
= S[dB] 
= 4.015[us] 
= Off 
= Off 
= 500 
= FALSE 
= 0 
= l[s) 
= (0, 90, 270, 180、180,
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----PROCESSING PARAMETERS ----
dc_bal ance(0, FALSE) 
sexp(0.2[Hz], O.O[s]) 
trapezoid(0[%], 0[%], 80[%], 100[%]) 
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
rnachinephase 
ppm 

Derived from: MKN270-pure Proton-1-1.jdf 

Filename 
Author 
Experiment 
s a

o
m

l
p v le Id 

So vent 

- MKN270-pure_Proton-1-2.jdf 
- element 
＝ 

MKN
prot 

2 
on.jxp ~ 70-di-pure 

- CHLOROFORM-D 
Actual Start Time= 22-JAN-2024 11:13:58 
Revisi,-on Tim百

Comment 
Data Format 
Dim =Sュ· ze 
X Domain 
Dim T itle 

Dim―Units 
Dュrnensions
Spectrometer 

Field Strength 

XX ADcomq―ai
Du
n 

ration 

X Freq 
X

―
Offset 

X-Points 
X Prescans 
X

―
Resolution 

X
―

Sweep 
X Swe e

om
p aC i lipped 

Irr D n 
Irr

―
Freq 

Irr―Offset 
T ri-Domain 
Tri

―
Freq 

Tr土
―

Off set
Cli含ped
Scans 
Total Scans 

= 17-JUN-2024 09:47:51 

= S iD n
C

g
O
l

M
e _酎_p 

L 
ulse 

- 1 EX 
= 13107 
= Proton 
- Proton 
- [ppm] 

= X 
= DELTA2 NMR 

- 9.4073814[T] (400[MHz]) 
- 2.18103808[s] 

= lH 
- 400. 53219825 [MHz] 
- 5[ 雷l 

= 16 
- 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 

Relaxation_Delay � 5[s] 
Recvr Gain 
T em9p 0 W

Gi e t 
X dth 
X
X
X 
__ A

A

An
t
c史g

n
lT

e 
ime 

X
―

Pulse 
Iデr M ode 
Tri .-M ode 

Dante Pres at 
Initi云1 Wait 
Repetit了on Time 

= 44 
= 19.6[dCJ 
- 6. 7 [us] 
- 2.18103808[s] 

= 45 [deg] 
~ 0.8[dB] 
- 3.35(us] 
- Off 

= 0ff 
= FALSE 
= l[sJ 
- 7.18103808[sj 
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210.0 200.0190.0180.0170.0160.0 150.0140.0130,0 120.0 110.0 100.0 90.0 80.0 70.0 

/A\ ))八 八人
蕊号目蕊王g蕊 迄ミ妥召 丹g忌器喜忍
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X: parts per Million: Carbon13 

60.0 50.0 40.0 30.0 20.0 10.0 。

---- PROCESSING PARAMETERS---
de balance (O, FALSE } 
sexp(2.0[Hz], O.O[s]) 
trapezoid(0［き］，0［岩l, 80［き］，100[%])
zerofill(1, TRUE) 
fft(1, TRUE, TRUE } 
rnachinephase 
ppm 

Derived from: MKN270-pure Carbon-1-1.jdf 

Filename . = MKN270-pure_Carbon-1-2.jdf 
Author = element 
Experiment = carbon.jxp 
Sarnple_Id = MKN270-di-pure 
Solvent = CHLOROFORM-D 
Actual Start Time= 22-JAN-2024 11:39:51 '― ― 
Revision Time = 17-JUN-2024 09:54:20 

Comment
Data Format 一·Dim Sュze
x函main
Dim Title 
Dim

―
Units 

Dimensions 
Spectrometer 

Field_ Strength 
X_Ac<i:Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 
- - --. 

Irr Domain 
Irr_Freq 
Irr―Offset 
Clipped 
Scans 
Total Scans 

Relaxation _ _  Delay 
Recvr Gain 
Temp豆et
X 90 Width 
X_Acq_Time 
x-Angle 
X-Atn 
X-Pulse 
Irr Atn Dec 

ー10.01 Irr-Atn_Noe 
Irr Noise 
Irr-Pwidth 
Decoupling 
Initial_Wait 
Noe 
Noe Time 
Re西tition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbon13 
= [ppm] 
= X 
= DELTA2 NMR 

= 9. 4073814 [Tl (400 [MHz]) 
= 1. 03809024 [s] 
= 13C 
= 100.71389092[MHz] 
= lOO[ppmJ 
=· 32768 

= 4 
= 0.96330739[Hz] 
= 31. 56565657 [ kHz] 
= 25.25252525[kHz] 
= Proton 
= 400. 53219825 [MHz] 
= 5[ppm] 

= FALSE 
= 512 
= 512 

= 2[s] - 50 
= 19.6[dC] 
= 12.68[us] 
= 1. 03809024 [s] 
= 30[deg] 
= 4 [dB] 
= 4.22666667[us 
= 26.45[dBJ 
= 26,45[dBJ 
= WALTZ 
= 0.115[ms] 
= TRUE 
= l[s] 
= TRUE 
= 2[s] 
= 3.03809024[s] 
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X : parts per Million : Fluorine 19 

---- PROCESSING PARAMETERS----
dc_balance (0, FALSE J 
sexp(0.2[Hz], 0.0[s)) 
tr arp

o
efizo 

l 
id(0[%1, 0[%), 80[%), 100[%]) 

ze 1 (1) 
bl 評 { 16, 64, 30) 
ff 1, TRUE, TRUE) 
rnachinephase 
ppm 

Filename = MKN270-pure-int_sing le_pul 
Author = elem ent 

ES
S
xa

o
mppl

e
velrn

i
e
m

�t 
e

Ind t = 
= MKN

s土ng2l7e0_p-dui-
l
p
se

ur.ejx-pint 
= CHLOROFORM-D 

Actual Sta ュr
m

t
e 

T ime = 22-JAN-2024 11: 25: 33 
Revisi

・一
on てT = 24-JAN-2024 12:15:35 

Comment 
DD
a

im 
ta -Si

F. o
ze 
rmat 

X Dim 
D
ama 

T i  
in 

tle 
DD

i
i
m
m-eUnn s its 

ュons
Spectrometer 

Field Stren igoth n 
X X
X 
_A

DF
corma<C

ea 

Diu n rat 

eq 
X

―
Offset 

X
―

Points 

� 

X
x
xx

工

ご---

r

P
R

S
r

でェ•-匹っS-
P
O叩¢-
而

^LL
u

=
.C.ti“

・1
' 
o1n m函

Irr―Freq 
Irr―Offset 
T

T
T
rr

ri 
i 
i・_一D

O
Fofr

m
efq s
a

i
e

n t 

Clipped 
Scans 
Total_Soans 

= S iD ngCO
l

M
e_pPLuEl X 

se 
= 1 
= 13107 
= Fluor i 
= Fluorine19 
= 
= X 

[ppm] 

= DELTA2_NMR 

= 9. 4073814 [Tl (400 [ MHz] l 
= 86. 50752 [ms] 
= 19F 
= 376.87675879[MH引
= 0 6[ p3p8m 4 l = 1 
= 1 
= 11, 55968868 [Hz] 
= 189. 39393939 [kHz] 
= 151. 51515152 [kHz) 
= Fluorine19 
= 376.87675879[MHz] 
= 5[ p

u
pm
ori 
] 

= Fl ne19 
= 376.87675879[MHz] 
= 5[ppm] 
= FALSE 
= 8 - 8 

Relaxat ion Delay = 5[s] 
Recvr Gain ~ 42 

X 
Tem9p0 互

Wi

et
dth 

= 19.2[dC] 
= 7.59[us] 

I XX
X 
__ Ac

An

At
q_g
n 

lT
e 

ime = 86.50752[ms] 
= 45 [deg] 
= 3[dBJ 

X
―

Pulse = 3.795[us] 
Iでr Mode = Off 
T

Da
rn].
・一

tMe od
P
e 
resat 

= Off 
= FALSE 

Initial Wait = l[s] 
Repetition Time = 5. 08650752 [s] 
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---- lPR
an

QC e ESSING PARAMETERS ----
de ba ance(0、FALSE)

se云p(0.2[Hz], O.O[s]) 
trapezoid(0［急］，0[%], 80[%], 100[%]) 
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

De rived from: MKN283-pure Proton-1-1. jdf 

Filen ame = MKN283-pure Proton-1-2.jdf 
Author = el e ment 

ES
S

xaomp
p

l
e
vler

i
e 

n

m

t 
eInd t = proton.jxp 

= MKN283-pure 
= CHLOROFORM-D 

Actual_St a  ュr
m

t
e 

T ime = 25-J邸-2024 13:49:52 
Revisi on T = 17-JUN-2024 09:15:08 

Comment 
Dat a Format 

X 
Dim

Do
百
mia 

ze 
in 

Dim Title 
Di m―Units 

Dim百nsions
Spectromete r 

Fi eld Stren gioth n 
Xx_-ADocm,.=:a

D
i
un 

rat 

X Freq 
X

―
Offset 

X
―

Points 
X
―

Prescans 
X

―
Resolution 

X

xI
I
I 

ごEご

r

即甜ェr
r

ー

T

e
e
氏r

X

e
e
c皿

p
p 
e q 

込c n li pp e d 

et 
Tri ・一Domain 
Tri ・一 Fr efq 

se Tri
―

Of t 
Cli函ped
Scans 
Total._Scana 

= s 土
D
ngCOlM

e_p
PL
u
EX 
ls e 

= 1 
= 13107 
= Pro ton 
= Proton 
= [ppm] 
= X 
= DELTA2 NM R 

= 9. 4073814 [Tl (400 [MHz]) 
= 2.18103808[s] 
= 1H 
~ 400.53219825[MHZ] 
= 5[ 雷 l 
- 16 
= 1 
= 0. 45849727 [Hz] 
= 7. 51201923 [kHz] 
= 6. 00961538 [kHz] 
= Proton 
- 400. 53219825 [MHz] 
= 5[ ppm] 
= Proton 
- 400.53219825[MHz] 
= = SFA[

p
L

pm
SE J 

= 8 - 8 

Relaxation_Delay = 5[s] 
Recvr Gain = 48 
T em9p0 _WGi e t 
X dth 

X 

X
X _Ac

An
At

q_

n g
lT

e 
ime 

X
―

Pulse 
Iでr Mode 
T

DI
R
n

r
a

e
nipi ・一

t
teMe it・ 一
o

ai

d

ltPャ

e 
r

i屑
e
on
s

ai
a

T

t 
t 

i
m

e 

= 19[dC ] 
= 6. 7 [us] 
= 2.18103808[sl 
= 45[ 霜］ 
= 0.8 l 
= 3.35[us] 
= Off 
= Off 
= FALSE 
= 1 [s] 
= 7.18103808[s] 
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X: parts per Million: Carbon13 

。

---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
se函p(2.0[Hz], O.O[s]) 
trapezoid(0［急］， 0 ［%], 80［言］， 100［急］）
zerofill (1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN283-pure Carbon-1-1.jdf 

Filename = MKN283-pure_Carbon-l-2. jdf 
Author = element 
Experiment = carbon.jxp 
Sample_Id = MKN283-pure 
Solvent = CHLOROFO臨—D
Actual Start Time = 25-JAN-2024 14:19:32 

.
-

-· 
-

Revision Time = 17-JUN-2024 09:34:36 

Comment 
Data Format 
Dim Size 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X _ _  Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X __ Sweep 
X_Sweep_Clipped 
Irr Domain 
Irr Freq 
Irr―Offset 
Cli函ped
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp_Get 
X 90 Width 
X_Acq_Time 
X Angle 
X Atn 
X Pulse 
Irr Atn Dec 

ー10.0-20.01 昇討認輩
゜e

Irr―Pi,,ridth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Re函tition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbon13 
= [ppm] 
=X 
= DELTA2 NMR 

= 9. 4073814 [Tl (400 [MHz]) 
= 1. 03809024 [s] 
= 13C 
= 100. 71389092 [MHz] 
= lOO[ppmJ 
= 32768 
= 4 
= 0. 96330739 [Hz] 
= 31.56565657[kHz] 
= 25.25252525[kHz] 
= Proton 
= 400.. 53219825 [MHz] 
= 5[ppm] 
= FALSE 
= 257 
= 257 

= 2[s] = 50 
= 19.5[dC] 
= 12.68[usJ 
= 1. 03809024 [s] 
= 30[deg] 
= 4[dB] 
= 4.22666667[us 
= 26.45[dBJ 
= 26.45[dB] 
= WALTZ 
= 0.115[ms] 
= TRUE 
= l[sJ 
= TRUE 
= 2[s] 
= 3. 03809024 [s] 
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X: parts per Million: Fluorinel9 
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---- PROCE SSING PARAMETERS ----
de balance (0, FALSE) 
seヌp(O.Z [ Hz], O.O[ s]) 
trapezoid(0 [ %], 0 [%], 80[%], 100[%]) 

zerofill (1) 
bl 評 (1 6も 64, 30) 
ff 1, RUE, TRUE) machine phase 

p pm 

F土le nam e
Author 

E
S

S
aoxmpp
l

everleni
m

_
t 

e
I
n
d t 

= MKN283-pure-int_single_pul 
= ele ment 
＝ MKN

sing2
l 
8 

e3_p�pu u lse.jxp 
= re-int 
- CHLOROFORM-D 

Actual Start Time= 25-J邸—2024 13:28:28 
Revisi·一on Time = 17-JUN-2024 09:39:52 

Comme
n

t = s i
D 
n

CgO
l

M
e....PPLuE

l
X 
s e

X 

D
Daim 

t

D

a 

om
aS

Fio
i

ze n rm
at = 1 

= 13107 
= Fluori 

Dim Title = Fluorine19 
Dim

―
Units = [pp m] 

Dim百nsions = X 
Spect r ometer = DELTA2 NMR 

F ield Stre ntgioth 
n XX_-

A
Do
c
ma
<i:iDun ra 

- 9. 4073814 [
T

l (400 [MHz]) 
= 86. 50752 [m s] 
= 19F 

X
―

Freq = 376. 87675879 [tlliz] 
X

―
Offset = 

= O16
[p3p

8
m4 ] 

X
―

Point s 
X Prescans = 1 
X

―
Resoluti on = 11. 55968868 [Hz] 
X
XI 
__ r

S
Sr ww

e
e
D

eom

e
p

p 
_ー
a

Ci·
n 

lippe d
= 189.39393939[ kHz] 
= 151. 51515152 (kHz] 
= Fluorine19 

I9
T9
C

I

r

rc
c

l

rr i i 

i
i

―
」—

p

For
。
,_珪
9
r
9辺

o9

9

q 9q 
8

e

e

t ,
t 
ヽ

= 376.87675879[MHz] 
= 5[ pupo

mrュ] 
= Fl u or ne19 
= 376.87675879[ MHz] 
= 5[ppm] 
= FALSE 

Scans = 8 
Total Scans = 8 

Relaxation Delay = 5[s] 
Recvr Gain ~ 46 

t X X
T

X 
__ 

e

mA
A n

9
p

0 c＿
q_
g百Wli

e

T
e

d
t 

im
th e 

- 19[ dC] 
~ 7.59[us] 
= 86. 5075 2 [m s.] 
= 45[deg] 

X Atn = 3[dB] 
X

T
I―でrrP

i
-uM

M
lo

o

s
dde e 

e 

= 3.795[us] 
= Off 
= Off 

Dante Presa t  = FALSE 
Initi百1 Wait = 1 [s] 

Repetition Time = 5.08650752[s1 
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X : parts per Million : Proton 

---- PROCESSING PARAMETERS---
de balance (0, FALSE) 
seヌp(0.2[Hz], O.O[s]) 
trapezoid(0[%], 0[%], 80［告］，100［き］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN231-pure Proton-1-1.jdf 

Filename = MKN231-pure_Proton-1-2. jdf 
Author = element 
Experiment = proton.jxp 
Sample_Id = MKN231-pure 
Solvent = CHLOROFORM-D 
Actual Start Time= 22-J邸—2024 15:49:05 
Revision_Time = 15-JUN-2024 22:05:59 

Comment 
Data Format 

=
· Dim Size

X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Dcmain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X __ Sweep 
X __ Sweep_ Clipped -- - --. Irr Domain 
Irr_Freq 
Irr Offset 

・ 一
Tri Domain 
Tri

=

Freq 
Tri

―

Offset 
Cli函ped
Scan" 
Total Scans 

Relaxation ___ Delay 
Recvr Gain 
Temp_Get 
X 90 Width 
X_Acq_Time 
X Angle 
X Atn 
X Pulse 
Irr Mode 

・一Tri Mode 
Dante Presat 
Initial Wait 

一Repetition Time 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[T] (400[MHz 
= 2.1889024[s] 
= lH 
= 399. 03472754 [MHz] 
= 5.0[ppm] 
= 16384 
= 1 
= 0. 45684997 [Hz] 
= 7.48502994[kHz] 
= 5.98802395[kHzJ 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= FALSE 
- 8 
= 8 

= S[s] 
= 42 
= 19.4[dCJ 
= 6.6[us] 
= 2.1889024[sl 
= 45[deg] 
= l[d.BJ 
= 3.3[us] 
= Off 
= Off 
= FALSE 
= l[s] 
= 7.1889024[s] 
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X : parts per Million : Carbonl3 

。

---- PROCESSING PARAMETERS ---
de balance(O, FALSE) 
se函p(2.0[Hz], O.O[s]) 
trapezoid(0(%], 0[%], 80[%], 100［急］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN231-pure Carbon-1-1.jdf 

Filename = MKN231-pure_Carbon-1-2.jdf 
Author = element 
Experiment = carbon.jxp 
Sarnple_Id = MKN231-pure 
Solvent = CHLOROFORM-D 
Actual Start Time·= 22-JAN-2024 16:37:40 
Revision_Tirne = 15-JUN-2024 22:34:50 

Comment 
Data Format 一・Dim Size 
X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field _ _  Strength 
X_Acq=Duration - - • X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
x_sweep_Clipped 

-

. Irr Domain 
Irr Freq 
Irr Offset 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp＿忌et
X 90貿idth
X_Acq_Time 
X ·Angle 
X Atn 
X Pulse 

ー10.01 Irr_Atn_Dec 
Irr Atn Noe 
Irr Noise 
Irr Pwidth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Re西tition Time 

= s土ngle pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbon13 

= [ppm] 
=X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[TJ (400[MHz)) 
= 1. 04333312 [s] 
= 13C 
= 100. 33735165 [MHz] 
= 100. 0 [ppm] 
= 32768 
= 4 
= 0.95846665[Hz) 
= 31. 40703518 [kHz) 
= 25.12562814 [kHz] 
= Proton 

= 399. 03472754 [MHz] 
= 5.0[ppm] 
= FALSE 
= 256 

= 256 

= 2[sJ 
= 50 
=19.7[dC] 

= 10.9[us] 
= 1. 04333312 [s] 
= 30[deg] 

= 5.4[dB] 
= 3.63333333[us] 
= 25.823[dBl 

= 25.823[dBJ 
＝貿ALTZ

= 0.115[ms] 
= TRUE 
= l[s] 
= TRUE 
= 2[s] 
= 3.04333312[s] 

S76



c o 

F冗＼竺°認
f 忙ヘド／

ム

0 .ol
 

0 .EI
O .Il
 
0·
5

0 .
c
z
o .I
C
o .
o
z
o .
6[
O •
OOI
O .
LI
O .
9I
O .
SI
O ．
寸I
O .
CI
O .
NI
O .I
I
O •
01
o·
6
 
o·
s
 
O"
l
 
0'
9
 
o·
s
 
o-
v
 o·
£
 
o·
z;
 
0·
1

C .L
 
0
5
 

6C
 

乞t ゜tu,pw,q•
 

〇 •I

O .l,

8
up
目士•

---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
seヌp(0.2[Hz], O.O t sJ) 
trapezoid(0[%], 0[%], 80[%], 100［%]) 
zerofill (1, TRUE) 
blip(16, 64, 30) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN231-pure-int single pulse-1-1 

Filename = MKN231-pure-int_single__pul 
Author = element 
Experiment = single__pulse.jxp 
Sample_Id = MKN231-pure-int 
Solvent = CHLOROFORM-D 
如tual Start Time = 22-J邸—2024 16:22:18 .- -
Revision Time =.15-JUN-2024 22:17:46 
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Comment 
Data Format -. Dim Sュze
X Domain 
Dim Title 
Dim-Units 
Dimensions 
Site 
Spectrometer 

Field Strength 
X_Ac<LDuration 
X Domain 
X Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X _ _  Sweep _  Clipped - - --. Irr Domain 
Irr Freq 
Irr Offset 
Tri-Domain 

・
一

Trュ Freq
Tri

―

Offset 
Cli函ped
Scans 
Total Scans 

Relaxation_Delay 
R,ecvr Gain 
Temp亙et
X 90 Width 
X_Acq_Time 
X _ _Angle 
X Atn 
X Pulse 
Irr Mode 
Tri Mode 
Dante Presat 
Initial Wait 

ヽRepetitュon Time 

= singleyulse 
= 1D COMPLEX 
= 13107 
= Fluori 
= Fluorine19 
= [ppm) 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[T] (400[MHz]) 
= 86.50752[ms] 
= 19F 
= 375. 46772873 [MHz] 
= O[ppm] 
= 16384 
= 1 
= 11. 55968868 [Hz] 
= 189. 39393939 [kHz) 
= 151. 51515152 [ kHz] 
= Fluorine19 
= 375.46772873[MHz] 
= S[ppm] 
= Fluorine19 
= 375.46772873[MHz] 
= S[ppm] 
= FALSE 
- 8 
= 8 

= S[s] 
= 44 
= 19.S[dC] 
= 7.6[us] 
= 86.50752[msJ 
= 45[deg] 
= 2.S[dB] 
= 3;8[us] 
= Off 
= Off 
= FALSE 
= l[s] 
= 5.08650752[$] 

X: parts per Million: Fluorine19 
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X : parts per Million : 

---- PROCESSING PARAMETERS---
de balance (0, FALSE) 
seヌp(0.2[Hz], O.O[s]) 
trapezoid(0［暑］，0[%], 80［急］，100［暑］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN225-pure Proton-1-1.jdf 

Filename = MKN225-pure_Proton-1-2. jdf 
Author = element 
Experiment = proton. jxp 
Sample_Id = MKN225-pure 
Solvent = CHLOROFORM-D 
Actual Start Time= 22-JAN-2024 16:29:35 
Revision_Tim百 ＝15-JUN-2024 19:46:44 

Comment 
Data Format 

-

. Dim Sュze
X Domain 
Dim Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field Strength 
X_Act,=Duration 
x Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X _Sweep 
X_Sweep_Clipped 

-

. Irr Domain 
Irr_Freq 
Irr Offset 
Tri Domain 
Tri Freq 
Tri

―

Offset 
Clipped 
Scanc> 
Total Scans 

= single_pulse 
= 1D COMPLEX 

= 13107 
= Proton 
= Proton 
= [ppm} 
= X 
= JNM-ECS400 

= DELTA2 NMR 

= 9.372211T} (400[MHzl) 
= 2.1889024[s} 
= lH 

= 399. 03472754 [MHz] 
= 5.0[ppm] 
= 16384 

= 1 
= 0. 45684997 [Hz} 
= 7. 48502994 [kHz] 
= 5,98802395[kHz} 
= Proton 
= 399.03472754[MHz] 
".'5.0[ppm] 

=.Proton 
= 399.03472754[MHz] 

= 5.0[ppm] 
= FALSE 
- 8 
= 8 

Relaxation_Delay. = 5[s) 
Recvr Gain = 46 
Temp＿Get = 19.3[dCJ 
X 90 Width = 6.6[us] 
X_Acq_Time = 2.1889024 [s] 
X_Angle = 45[deg) 
XAtn = l[dB) 
X Pulse = 3.3[us) 
Irr Mode = Off 

・

一

Tri Mode = Off 
Dante Presat = FALSE 
Initial Wait = 1[.s] 
Repetition Time = 7.1889024[s] 
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---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
se函p(2.0[Hz], O.O[s]) 
trapezoid(0［房］， 0[%], 80[%], 100［急］）
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN225-pure Carbon-1-1.jdf 

Filename = MKN225-pure_Carbon-1-4.jdf 
Author = element 
Experiment = carbon.jxp 
Sample_Id = MKN225-pure 
Solvent = CHLOROFORM-D 
Actual Start Time = 22-JAN-2024 17: 11: 04 
Revision_Tini百 ＝15-JUN-2024 21:09:39 

comment 
Data Format 

-

. Dim Size 
X Domain 
D五n Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

Field Strength 
X_Ac<CDuration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped 一・Irr Domain 
Irr_Freq 
Irr Offset 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp亙et
X 90頁idth
X_Acq_Time 
X_Angle 
X Atn 
X Pulse 

ー10.01}昇—如—心芯ー ・一Irr Noise 
Irr Pwidth 
Decoupling 
Initial Wait 
Noe 
Noe Time 
Repetition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= Carbon 
= Carbonl3 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2 NMR 

= 9.37221[T] (400[MHz]) 
= 1. 04333312 [s] 
- 13C 
= 100.33735165[MHz] 
= 100.0[ppm] 
= 32768 
= 4 
= 0. 95846665 [Hz] 
= 31. 40703518 [kHz] 
= 25.12562814[kHz] 
= Proton 
= 399.03472754[MHz] 
= 5.0[ppm] 
= FALSE 
= 256 
= 256 

= 2[sl 
= 50 
= 19.9[dCJ 
= 10.9[us] 
= 1. 04333312 [s] 
= 30[deg] 
= 5.4 [dB] 
= 3. 63333333 [us] 
= 25. 823 [dB] 
= 25. 823 [dB] 
= WALTZ 
= 0.115[ms} 
= TRUE 
= l[s] 
= TRUE 
= 2[s] 
= 3.04333312(s] 

S79



＝ 
� 一

.... 

＝ 
u 一
＝ 
マ —

雫—•l

一
6 一
含..... 
＝
.... ..... 
＝ 
o-一
ま：

o·-• 
00, 

一
r 

·゚-'°. 
=:. 
U 

·゚-
寸

＝ 
ぐ

·゚-
N. 

�..: 一
i。
〗。

ー

ロ[

II
耳
"

X

ニ・·＿···←―、＇

0·
n
 0·01
 o·6
 0-8
 o-i
 0·9
 o-s
 o·t
 o-�
 o 、"
o .I
O

t
巨
苫
玉g

Fl

�

二
11
"ix

 

..
 ,'-:;-'
 
...

 -'・・

0 ,II
O .oi
o ,6
 o·s
 o-L
 
0·9
 o 

と
巨下u-—qu

---- PROCESSING PARAMETERS---
de balance (0, _FALSE) 
se函(0.2[Hz], O.O[s]) 
trapezoid(0[%], 0［%], 80［急］，100[%])
zerofill (1, TRUE) 
blip(16, 64, 30) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN225-pure-int single pulse-1-1 
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Filename = MKN225-pure-int_single_pul 
Author = element 
Experiment = single pulse.jxp 
Sample_Id = MKN.225::pure-int 
Solvent = CHLOROFORM-D 
Actual Start Time= 22-J邸ー2024 16:16:08 
Revision_Time = 15-JUN-2024 20:53:02 

X: parts per Million: Fluorinel9 
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Comment 
Data Format =· Dim Sュze
X Domain 
函i:n Title 
Dim Units 
Dimensions 
Site 
Spectrometer 

E'ield_Strength 
X_Acq_Duration 
X Domain 
X_E'req 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_Sweep_Clipped ー• 一・Irr Domain 
Irr_E'req 
Irr Offset 
Tri Domain 

・一Tri_Freq 
Tri Offset 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp亙et
X 90 Width 

II X_Ac生Time
X __ Angle 
X Atn 
X Pulse 
Irr Mode 

・一Tri Mode 
Dante Presat 
Initial Wait 
Repetition Time 

= s土ngle_pulse
= 1D COMPLEX 

= 13107 
= Fluori 
= Fluorine19 
= [ppm] 
= X 
= JNM-ECS400 
= DELTA2測R

= 9.37221[T) {400[MHz)) 
= 86.50752[msJ 
= 19F 
= 375. 46772873 [MHz) 
= O[ppm] 
= 16384 

= 1 
= 11. 55968868 [Hz] 
= 189.39393939[kHz) 
= 151. 51515152 [ kHz) 
= Fluorine19 
= 375. 46772873 [MHz) 
= S[ppm) 
= Fluorine19 

= 375. 46772873 [MHz] 
= S[ppm) 
= FALSE = 8 
= 8 

=、S[sJ
= 42 
= 19.6[dC) 
= 7.6[us) 
= 86.50752[ms] 
= 45[deg) 
= 2.5[dB] 
= 3.8[us] 
= Off 
= Off 
= FALSE 
= 1 [s] 

= 5.08650752[s) 
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---- PROCESSING PARAMETERS---
sexp{. 0.2[Hz], O.O[s]) 
trapezoid(0[%], 0［急］，80(%], 100[%]) 
zerofill(1, TRUE) 
fft(1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN219-pure Proton-1-1. jdf 

Filename 
Author 
Exper.iment 
Sample_Id 
Solvent 
Actual Start Time • ・一Revision Time 

Comment 
Data Format -. Dim Size 
X Domain 
Dim Title 

Dim Units 
Dimensions 

Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
X_ Sweep_Clipped -. Irr Domain 
Irr __ Freq 
Irr Offset 
Tri Domain 
Tri_Freq 
Tri-Offset 
Blanking 
Clipped 
Scans 
Total Scans 

Relaxation_Delay 
Recvr Gain 
Temp Get 
X 90 Width 
X_Acq_Time 
X Angle 
X Atn 
X Pulse 
Irr Mode ・一Tri Mode 

Dante_Loop 
Dante Presat 

Decimation Rate →一

Initial Wait 
Phase 

= MKN219-pure_Proton-1-3 
= element 
= proton auto.jxp 
= MKN219::pure 
= CHLOROFORM-D 
= 23-J邸—2024 12:32:19 
= 15-JUN-2024 18:20:55 

= single_pulse 
= 1D COMPLEX 
= 13107 
= Proton 
= Proton 
= [ppm) 
= X 
= DELTA2 NMR 

= 9. 2982153 [T] (400 [MHz 
= 2.20725248[s] 
= Proton 
= 395. 88430144 [MHz] 
= 5[ppmJ 
= 16384 
= 1 
= 0. 45305193 [Hz] 
= 7.42280285[kHzJ 
= 5.93824228[kHz] 
= Proton 
= 395.88430144[MHzJ 
= 5[ppm] 
= Proton 
= 395. 88430144 [MHz] 
= S[ppm] 
= 2.0[us] 
= FALSE - 8 
= 8 

= 5[s] 
= 56 
= 18,B[dC] 
= 6.34[us] 
= 2. 20725248 [S] 
= 45[deg] 
= 5[dB] 
= 3.17[us] 
= 0ff 
= Off 
= 500 
= FALSE 
= 0 
= l[s] 
= (0, 90, 270、180, 180 
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---- PROCESSING PARAMETERS ---
de balance (0, FALSE) 
seヌp(2.0[Hz], O.O[s]) 
trapezoid3(0［急］， 80［告］， 100[%])
zerofill(1, TRUE) 
fft (1, TRUE, TRUE) 
machinephase 
ppm 

Derived from: MKN219-pure Carbon-1.jdf 

Filename • = MKN219-'pure_Carbon-2.jdf 
Author = element 
Experiment = single_pulse_dec 
Sample_Id = 1 
Solvent = CHLOROFORM-D 
Actual Start Time = 23-J邸—2024 19:20:17 
Revision_Time = 15-JUN-2024 18:49:15 

Comment 
Data Format -. Dim Size 
X Domain 
DIm Title 
Dim

―

Units 
Dimensions 
Site 
Spectrometer 

Field_Strength 
X_Acq_Duration 
X Domain 
X_Freq 
X Offset 
X Points 
X Prescans 
X Resolution 
X_Sweep 
Irr Domain 
Irr_Freq 
Irr Offset 
Cli函ped
Scans 
Total Scans 

Relaxation __ Delay 
Recvr Gain 
Temp_Get 
X 90 Width 
X Aca Time 
X□An品e
X Atn 
X Pulse 
Irr Atn Dec 

ー 10.0| Irr_Atn_Noe 
Irr Noise 
Decoupling 
Initial Wa土t
Noe 
Noe Time 
Repetition Time 

= single pulse decoupled gat 
= 1D COMPLEX 
= 26214 
= 13C 
= 13C 
= [ppm] 
=·x 
= ECS 400 
= JNM-ECS400 

= 9.20197068[T] (390[MHz]) 
= 1.06430464[s] 
= 13C 
= 98. 51479726 [MHz] 
= lOO[ppmJ 
= 32768 
= 4 
= 0.93958061[Hz] 
= 30. 78817734 [kHz] 
= lH 
= 391. 78655441 [MHz] 
= 5[ppm] 
= FALSE 
= 509 
= 509 

= 2[s] - 50 
= 19.9{dC] 
= 9.46[us] 
= 1. 06430464 [s] 
= 30[deg) 
= 4.9[dB] 
= 3.15333333[us 
= 22.45[dB] 
= 22.45[dB] 
= WALTZ 
= TRUE 
= l[s] 
= TRUE 
= 2[s] 
= 3. 06430464 [s1 

210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 
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X : parts per Million : 13C 
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---- PROCESSING P
A

RAMETERS ----
sexp (0.2 [Hz], 0. 0 [s]) 
trapezoid(0[%], 0[%], 80［き］， 100［急］）
zerofill (1) 
blip(16, 64, 30) 
fft(1, TRUE, T RUE) 
machinephase 
ppm 

Filename 
Author 
Experiment 

Sample Id 
Solvent
Actual Start Time 
Revision T ime 

Comment 
Data Format 
Dim 一Si·ze 
X Domain 
Dim T itle 
Dim

―

Units 
Dim百nsions
Spe ctrometer 

Field Strength 

X 
X ADo

c
mq―a

D
in 

urat土on

X
―

Freq 
X

―

Offset 
X

―

Points 
X Pre s cans 
X

―

Resolution 
X Sweep 
X Swe e

om
p 

-aC i . lipped 
Irr D n 
Irr

―

Freq 
Irr―Offset 
Tri-Domain 
Tri-Freq 
Tri-Offset 
Bla五king
Clipped 
Sca.na 
T otal Scans 

Relaxation_Delay 
Recvr Gain 
T em9p 0 WGe i t X dth 

XX X 
X 

_A
A

An

P

ct
u

gq_n 

l

l

s

T
e 

e 

ime 

Irr Mode 
Tri-Mode 
Dante Loop 
Dante Presat 
Decimation Rate 
Initial Wait 
Phase 

= MKN219-pure-int
_

single 
- element 
＝ 

MKNsing2l 
1 
詞ulse. jxp 

- ure-int 
~ CHLOROFORM-D 
= 23-JAN-2024 12:46:55 
- 15-JUN-2024 19:36:02 

= S D 
in

C
g

OlM
e王PLEuXl se 

= 1 
= 13107 
= Fluorine19 
- Fluorinel9 
= [ppm] = X 
= DELTA2_NMR 

- 9.2982153[T] (400[MHz] 
= 89.12896[ms] 
- Fluorine19 
~ 372. 50336686 [MHz] 
- -100 [ppm] 
- 16384 
= 1 
= 11.21969784[Hz] 
= 183.8235294l[kHz] 
= 147.05882353[kHz] 
- Fluorine19 
= 372. 50336686 (MHz] 
- 5[ppm] 
- F luorine19 
= 372.50336686[MHz] 
- 5[ 閲 J - 2. s] 
= FALSE - 8 
= 8 

- 5 [s) 
= 56 
� 19.3[dC] 
= 8.03[us] 
= 89.12896 [ms] 
= 45 [deg] 
= 5[dB] 
= 4.0lS[us] 
- Off 
= Off 
- 500 
- FALSE 
= 0 
= 1 [s] 
- {0, 90, 270、 180, 180, 
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