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General Information: All of the solvents were purified by distillation prior to use. 

Unless otherwise noted, the other commercial materials were used without further 

purification. 
1
H NMR, 

19
F NMR and 

13
C NMR spectra were recorded with Bruker 

ARX400. GC-MS data were tested with ThermoFisher Trace1300-ISQ (EI). High 

resolution mass spectra were measured on Bruker MicroTOF II ESI-TOF mass 

spectrometer. 
1
H NMR spectra were recorded in CDCl3 and referenced to residual 

CHCl3 at 7.26 ppm, 
19

F NMR were referenced to CF3CH2OH at -77.56 ppm in CDCl3, 

and 
13

C NMR spectra were referenced to the central peak of CDCl3 at 77.0 ppm. 

Multiplicities are reported using the following abbreviations: s = singlet, d = doublet, t 

= triplet, q = quartet, m = multiplet.  

Some of the trifluoromethylated products were isolated. For the inseparable isomers, 

the authentic samples were purchased or synthesized. The products were identified by 

comparing the 
19

F NMR and 
1
H NMR spectroscopic data of the products with those of 

authentic samples and confirmed by GC-MS analysis. 

 

I. Attempts towards Trifluoromethylation of Pyridine with TFA under Minisci 

Teaction Conditions: 

General procedure for trifluoromethylation of pyridine with TFA under Minisci 

reaction conditions: A 50 mL Schlenk-type tube (with a Teflon high pressure valve) 

equipped with a magnetic stir bar was charged with pyridine (0.25 mmol, 20.1 uL), 

AgNO3 (20 mol %, 8.5 mg), (NH4)2S2O8 (2.0 equiv, 114.1 mg), followed by TFA (5.0 

equiv, 92.8 uL), concd H2SO4 (20 mol %, 6.8 uL), and H2O (0.5 mL) as the solvent. 

After the reaction mixture was stirred at 70 °C or 120 °C for 10 h (500 rpm), it was 

allowed to cool to ambient temperature. The reaction mixture was diluted with ethyl 

acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 mL) and brine (3 mL, 

twice). The organic phase was dried with Na2SO4 and analyzed by GC-MS. No or 

only a trace amount of desired product was detected for the reaction at 70°C or 120°C 

repsectively. 

 

 

 



S3 
 

Scheme S1. Attempts towards Trifluoromethylation of Pyridine with TFA under 

Minisci Reaction Conditions 

 

 

 

II. General Procedure for the Screening of Reaction Conditions: 

Conditions A: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and 

side arm) equipped with a magnetic stir bar was charged with terephthalonitrile (0.25 

mmol, 32.0 mg), Ag-catalyst, K2S2O8 (2.0 equiv, 135.2 mg), base, followed by TFA, 

concd H2SO4, and MeCN as the solvent. The reaction tube closed with a tiny opening. 

After the reaction mixture was stirred at 120 °C for 10 h, it was allowed to cool to 

ambient temperature. The reaction mixture was diluted with ethyl acetate (10 mL) and 

washed with saturated aqueous NaHCO3 (3 mL) and brine (3 mL, twice). The organic 

phase was dried with Na2SO4, filtered, and concentrated in vacuo. The yield was 

determined by 
19

F NMR and 
1
H NMR analysis of crude product using CF3CH2OH 

and CH2Br2 as the internal standard respectively. 

Conditions B: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and 

side arm) equipped with a magnetic stir bar was charged with terephthalonitrile (0.25 

mmol, 32.0 mg), Ag-catalyst, K2S2O8 (2.0 equiv, 135.2 mg), base, followed by TFA, 

concd H2SO4, and DCM as the solvent. After the reaction mixture was stirred at 120 

°C for 10 h, it was allowed to cool to ambient temperature. The reaction mixture was 

diluted with ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 

mL) and brine (3 mL, twice). The organic phase was dried with Na2SO4, filtered, and 

concentrated in vacuo. The yield was determined by 
19

F NMR and 
1
H NMR analysis 

of crude product using CF3CH2OH and CH2Br2 as the internal standard respectively. 
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Table S1. Condition Optimization of C–H Trifluoromethylation of 

Terephthalonitrile Using TFA as the Trifluoromethylating Reagent 
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Note: 
a
 The yields were determined by 

19
F NMR analysis of crude products using 

CF3CH2OH as the internal standard. 
b
 The reaction flask was well-sealed. 

c
 no K2S2O8. 

d
 DTBP instead of K2S2O8. 

e
 6.1 equiv TFA. 

III. General Procedure for Silver-Catalyzed Trifluoromethylation with TFA:  

Conditions A: A 50 mL Schlenk-type tube (with a Teflon high pressure valve and 

side arm) equipped with a magnetic stir bar was charged with substrate (0.25 mmol), 

Ag2CO3 (40 mol %, 27.6 mg), K2S2O8 (2.0 equiv, 135.2 mg), Na2CO3 (1.5 equiv, 39.8 

mg), followed by TFA (3.6 equiv, 66.8 uL), concd H2SO4 (50 mol %, 6.8 uL), and 

MeCN (0.9 mL) as the solvent. The reaction tube was closed with a tiny opening. 

After the reaction mixture was stirred at 120 °C for 10 h, it was allowed to cool to 

ambient temperature. The reaction mixture was diluted with ethyl acetate (10 mL) and 

washed with saturated aqueous NaHCO3 (3 mL) and brine (3 mL, twice). The organic 

phase was dried with Na2SO4, filtered, and concentrated in vacuo. The residue was 

purified by silica gel column chromatograph (n-hexane/ethyl acetate mixtures) to give 

inseparable products. The products were analyzed by 
19

F NMR and 
1
H NMR 

spectroscopy and GC-MS. The NMR spectroscopic data matched those obtained for 

an authentic sample. The yield was determined by 
19

F NMR and 
1
H NMR analysis of 

crude product using CF3CH2OH and CH2Br2 as the internal standard respectively. For 

volatile products, the reaction mixture was analyzed by 
19

F NMR spectroscopy and 

GC-MS without workup. 

Conditions B: A 50 mL Schlenk-type tube (with a Teflon high pressure valve) 

equipped with a magnetic stir bar was charged with substrate (0.25 mmol), Ag2CO3 

(40 mol %, 27.6 mg), K2S2O8 (2.0 equiv, 135.2 mg), Na2CO3 (2.5 equiv, 66.3 mg), 

followed by TFA (6.1 equiv, 113.2 uL), concd H2SO4 (20 mol %, 2.7 uL), and DCM 

(0.7 mL) as the solvent. After the reaction mixture was stirred at 120 °C for 10 h, it 

was allowed to cool to ambient temperature. The reaction mixture was diluted with 

ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 mL) and brine 

(3 mL, twice). The organic phase was dried with Na2SO4, filtered, and concentrated in 

vacuo. The residue was purified by silica gel column chromatograph (n-hexane/ethyl 

acetate mixtures) to give inseparable products. The products were analyzed by 
19

F 

NMR and 
1
H NMR spectroscopy and GC-MS. The NMR spectroscopic data matched 

those obtained for an authentic sample. The yield was determined by 
19

F NMR and 
1
H 

NMR analysis of crude product using CF3CH2OH and CH2Br2 as the internal standard 



S6 
 

respectively. For volatile products, the reaction mixture was analyzed by 
19

F NMR 

spectroscopy and GC-MS without workup. 

Table S2. Silver-catalyzed C-H Trifluoromethylation of Arenes using TFA as the 

Trifluoromethylating Reagent
 

 

Note: 
a
 3.6 equiv TFA. 1.5 equiv Na2CO3. 

b
 no concd H2SO4. 

c
 0.4 mL MeCN. 

d
 5 

mol % Ag2CO3. 
e
 The yield and isomer ratio were determined by 

19
F NMR and 

1
H 

NMR using CF3CH2OH and CH2Br2 as the internal standard respectively. 

Condition A: Ag2CO3 (40 mol %), K2S2O8 (2.0 equiv), TFA (3.6 equiv), Na2CO3 (1.5 

equiv), H2SO4 (0.5 equiv), MeCN (0.9 mL), 120 
°
C, 10 h, not well-sealed.  



S7 
 

Condition B: Ag2CO3 (40 mol %), K2S2O8 (2.0 equiv), TFA (6.1 equiv), Na2CO3 (2.5 

equiv), H2SO4 (0.2 equiv), DCM (0.7 mL), 120 
°
C, 10 h. 

 

IV. Preliminary Mechanistic Studies:  

1. Inhibition of the trifuoromethylation reaction with TEMPO: A 50 mL 

Schlenk-type tube (with a Teflon high pressure valve) equivuipped with a magnetic 

stir bar was charged with benzonitrile (0.25 mmol, 25.5 uL), Ag2CO3 (40 mol %, 27.6 

mg), K2S2O8 (2.0 equiv, 135.2 mg), Na2CO3 (1.5 equiv, 39.8 mg), followed by TFA 

(3.6 equiv, 66.8 uL), concd H2SO4 (20 mol %, 2.7 uL), TEMPO (1.0 equiv, 39.1 mg) 

and DCM (0.7 mL) as the solvent. After the reaction mixture was stirred at 120 °C for 

10, it was allowed to cool to ambient temperature. The reaction mixture was diluted 

with ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3 (3 mL) and 

brine (3 mL, twice). The organic phase was dried with Na2SO4, filtered, and 

concentrated in vacuo. No desired product was detected by 
1
H NMR, 

19
F NMR and 

GC-MS. 

 

Scheme S2. Inhibition of the Trifluoromethylation Reaction with TEMPO 

 

Condition B: Ag2CO3 (40 mol %), K2S2O8 (2.0 equiv), TFA (6.1 equiv), Na2CO3 (2.5 

equiv), H2SO4 (0.2 equiv), DCM (0.7 mL), 120 
°
C, 10 h. 

 

2. Kinetic isotope effect experiment: A 50 mL Schlenk-type tube (with a Teflon 

high pressure valve) equipped with a magnetic stir bar was charged with benzene 

(0.125 mmol, 11.14 uL) and d6-benzene (0.125 mmol, 11.07 uL), Ag2CO3 (40 mol %, 

27.6 mg), K2S2O8 (2.0 equiv, 135.2 mg), Na2CO3 (2.5 equiv, 66.3 mg), followed by 

TFA (6.1 equiv, 113.2 uL), concd H2SO4 (20 mol %, 2.7 uL), and DCM (0.7 mL) as 

the solvent. After the reaction mixture was stirred at 120 °C for 3 h or 10 h, it was 

allowed to cool to ambient temperature. The reaction mixture was diluted with CDCl3 
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(3 mL) and washed with saturated aqueous NaHCO3 (2 mL). The ratios of 

trifluorotoluene to d5-trifluorotoluene were determined by 
1
H NMR and 

19
F NMR 

analysis of crude products using CH2Br2 and CF3CO2CH3 as the internal standard 

respectively. 

 

Scheme S3. Kinetic Isotope Effect Experiments 

 

Condition B: Ag2CO3 (40 mol %), K2S2O8 (2.0 equiv), TFA (6.1 equiv), Na2CO3 (2.5 

equiv), H2SO4 (0.2 equiv), DCM (0.7 mL), 120 
°
C, 10 h. 

 

3. Reactions in the dark: A 50 mL Schlenk-type tubes wraped with aluminum foil 

(with a Teflon high pressure valve) equipped with a magnetic stir bar were charged 

with benzonitrile (0.25 mmol, 25.5 uL) or tert-butylbenzene (0.25 mmol, 38.5 uL), 

followed by Ag2CO3 (40 mol %, 27.6 mg), K2S2O8 (2.0 equiv, 135.2 mg), TFA (3.6 

equiv, 66.8 uL), Na2CO3 (1.5 equiv, 39.8 mg), concd H2SO4 (20 mol %, 2.7 uL), and 

DCM (0.7 mL) as the solvent. After the reaction mixture was stirred at 120 °C in the 

dark for 10 h, it was allowed to cool to ambient temperature. The reaction mixture 

was diluted with ethyl acetate (10 mL) and washed with saturated aqueous NaHCO3 

(3 mL) and brine (3 mL, twice). The organic phase was dried with Na2SO4 and 

filtered. The reactions were analyzed by 
19

F NMR using CF3CH2OH as the internal 

standard, which showed similar results to those under visible light. 

 

Scheme S4. Investigation of the Influence of Light Radiation on the C-H 

Trifluoromethylation Reaction 
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Condition B: Ag2CO3 (40 mol %), K2S2O8 (2.0 equiv), TFA (6.1 equiv), Na2CO3 (2.5 

equiv), H2SO4 (0.2 equiv), DCM (0.7 mL), 120 
°
C, 10 h. 
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V. Characterization of the Authentic Samples 

1. Commercially available authentic samples: 

2-(Trifluoromethyl)benzonitrile (3o): 

 

1
H NMR (400 MHz, CDCl3): δ = 7.86 (d, J = 7.5 Hz, 1H), 7.81 (d, J = 7.4 Hz, 1H), 

7.75 (m, 1H), 7.70 (m, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -62.38 (s, 3F). 

 

3-(Trifluoromethyl)benzonitrile (3m): 

  
1
H NMR (400 MHz, CDCl3): δ = 7.93 (s, 1H), 7.87 (m, 2H), 7.66 (t, J = 7.9 Hz, 1H). 

19
F NMR (376 MHz, CDCl3): δ = -63.61 (s, 3F). 

 

4-(Trifluoromethyl)benzonitrile (3p): 

  
1
H NMR (400 MHz, CDCl3): δ = 7.82 (d, J = 8.3 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H). 

19
F NMR (376 MHz, CDCl3): δ = -63.93 (s, 3F). 

 

4-Methyl-2-(trifluoromethyl)benzonitrile (7o): 

 

1
H NMR (400 MHz, CDCl3): δ = 7.72 (d, J = 7.9 Hz, 1H), 7.60 (s, 1H), 7.48 (d, J = 

7.9 Hz, 1H), 2.50 (s, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -62.38 (s, 3F). 

 

4-Methyl-3-(trifluoromethyl)benzonitrile (7m): 
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1
H NMR (400 MHz, CDCl3): δ = 7.89 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.43 (d, J = 

7.9 Hz, 1H), 2.56 (d, J = 1.1 Hz, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -62.89 (s, 

3F). 

 

4-Fluoro-2-(trifluoromethyl)benzonitrile (8o): 

  
1
H NMR (400 MHz, CDCl3): δ = 7.88 (m, 1H), 7.52 (dd, J = 8.2, 2.3 Hz, 1H), 7.43 

(m, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -62.81 (s, 3F), -100.22 (s, 1F). 

 

4-Fluoro-3-(trifluoromethyl)benzonitrile (8m): 

 
1
H NMR (400 MHz, CDCl3): δ = 7.96 (dd, J = 6.4, 1.6 Hz, 1H), 7.89 (m, 1H), 7.37 (t, 

J = 9.1 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -62.40 (d, J = 12.7 Hz, 3F), 

-104.30 (q, J = 12.7 Hz, 1F). 

 

4-Chloro-2-(trifluoromethyl)benzonitrile (9o): 

 
1
H NMR (400 MHz, CDCl3): δ = 7.80 (m, 2H), 7.68 (dd, J = 8.2, 1.9 Hz, 1H). 

19
F 

NMR (376 MHz, CDCl3): δ = -62.73 (s, 3F). 

 

4-Chloro-3-(trifluoromethyl)benzonitrile (9m): 
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1
H NMR (400 MHz, CDCl3): δ = 7.99 (d, J = 1.6 Hz, 1H), 7.78 (dd, J = 8.3, 1.7 Hz, 

1H), 7.67 (d, J = 8.3 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -63.73 (s, 3F). 

 

4-Bromo-2-(trifluoromethyl)benzonitrile (10o): 

 
1
H NMR (400 MHz, CDCl3): δ = 7.95 (s, 1H), 7.85 (dd, J = 8.2, 1.4 Hz, 1H), 7.71 (d, 

J = 8.2 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -62.61 (s, 3F). 

 

4-Bromo-3-(trifluoromethyl)benzonitrile (10m): 

  
1
H NMR (400 MHz, CDCl3): δ = 7.96 (d, J = 1.4 Hz, 1H), 7.88 (d, J = 8.3 Hz, 1H), 

7.67 (dd, J = 8.3, 1.7 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -63.81 (s, 3F). 

 

4-Iodo-2-(trifluoromethyl)benzonitrile (11o): 

 
1
H NMR (400 MHz, CDCl3): δ = 8.14 (s, 1H), 8.06 (d, J = 8.1 Hz, 1H), 7.54 (d, J = 

8.1 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -62.56 (s, 3F). 

 

4-Iodo-3-(trifluoromethyl)benzonitrile (11m): 



S13 
 

  
1
H NMR (400 MHz, CDCl3): δ = 8.19 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 1.6 Hz, 1H), 

7.46 (dd, J = 8.2, 1.7 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -64.02 (s, 3F). 

 

 

2. Synthetic samples: 

General Procedure for the Preparation of Ethyl Benzoates from the 

Corresponding Benzonitriles: 

The ethyl benzoates were synthesized following a literature procedure.
[1]

 To a solution 

of NaOH (1.25 mmol, 50.0 mg) in water (1.0 mL) and ethanol (0.1 mL) was added 

benzonitrile (0.25 mmol). The reaction mixture was stirred at reflux for 6 h. The 

mixture was cooled to room temperature and diluted with 5 mL H2O, and then washed 

with DCM (5 mL×2). The aqueous phase was acidified by 1N HCl and extracted 

with 10 mL ethyl acetate. The organic layer was washed with brine and dried over 

Na2SO4, filtered and concentrated in vacuum. The crude benzoic acid was added to a 

solution of H2SO4 (0.5 mL) in ethanol (2 mL), and refluxed for 10 h. The reaction 

solution was diluted with 10 mL ethyl acetate and washed with H2O (5 mL), saturated 

NaHCO3 solution (3 mL×3) and brine (3 mL×1), and then dried over Na2SO4, 

filtered and concentrated in vacuum. The crude product was purified by silica gel 

column chromatography. 

 

Ethyl 2-(trifluoromethyl)benzoate (4o): 

 

The general procedure was followed with 2-(trifluoromethyl)benzonitrile (0.25 mmol, 

42.75 mg) as the substrate to give a colorless liquid (38.8 mg. Yield: 65%). 
1
H NMR 

(400 MHz, CDCl3): δ = 7.77 (m, 1H), 7.73 (m, 1H), 7.59 (m, 2H), 4.39 (q, J = 7.2 Hz, 

2H), 1.38 (t, J = 7.2 Hz, 3H).
 19

F NMR (376 MHz, CDCl3): δ = -59.75 (s, 3F). HRMS 

(ESI-TOF) m/z: calcd for C10H9F3NaO2
 
(M+Na)

+
: 241.0447; found: 241.0461. The 

1
H 

NMR data matched that in literature.
[2]
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Ethyl 3-(trifluoromethyl)benzoate (4m): 

 

The general procedure was followed with 3-(trifluoromethyl)benzonitrile (0.25 mmol, 

42.75 mg) as the substrate to give a colorless liquid (41.8 mg. Yield: 70%). 
1
H NMR 

(400 MHz, CDCl3): δ = 8.28 (s, 1H), 8.21 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H), 

7.55 (t, J = 7.8 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H). 
19

F NMR 

(376 MHz, CDCl3): δ = -63.29 (s, 3F). HRMS (ESI-TOF) m/z: calcd for C10H9F3NaO2
 

(M+Na)
+
: 241.0447; found: 241.0462. The 

1
H NMR data matched that in literature.

[3]
 

 

Ethyl 4-(trifluoromethyl)benzoate (4p): 

 

The general procedure was followed with 4-(trifluoromethyl)benzonitrile (0.25 mmol, 

42.75 mg) as the substrate to give a colorless liquid (34.7mg. Yield: 58%). 
1
H NMR 

(400 MHz, CDCl3): δ = 8.15 (d, J = 8.1 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 4.40 (q, J = 

7.1 Hz, 2H), 1.40 (t, J = 7.1 Hz, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -63.53 (s, 3F). 

HRMS (ESI-TOF) m/z: calcd for C10H9F3NaO2
 
(M+Na)

+
: 241.0447; found: 241.0421. 

The 
1
H NMR data matched that in literature.

[3]
 

 

General Procedure for the Preparation of Methyl Benzoates from the 

Corresponding Benzonitriles: 

The benzoic acids were synthesized following a literature procedure.
[1]

 To a solution 

of NaOH (1.25 mmol, 50.0 mg) in water (1.0 mL) and ethanol (0.1 mL) was added 

benzonitrile (0.25 mmol). The reaction mixture was stirred at reflux for 6 h. The 

mixture was cooled to room temperature and diluted with 5 mL H2O, and then washed 

with DCM (5 mL×2). The aqueous phase was acidified by 1N HCl and extracted 

with 10 mL ethyl acetate. The organic layer was washed with brine and dried over 

Na2SO4, filtered and concentrated in vacuum. The crude benzoic acid was methylated 

with fresh CH2N2 in ether. The reaction solution was diluted with 5 mL ether and 

washed with saturated NaHCO3 solution (3 mL×3) and brine (3 mL×1), and then 

dried over Na2SO4, filtered and concentrated in vacuum. The crude product was 
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purified by silica gel column chromatography. 

 

Methyl 4-methyl-2-(trifluoromethyl)benzoate (15o): 

 

The general procedure was followed with 4-methyl-2-(trifluoromethyl)benzonitrile 

(0.25 mmol, 46.25 mg) as the substrate to give a colorless liquid (21.3 mg. Yield: 

37%). 
1
H NMR (400 MHz, CDCl3): δ = 7.70 (d, J = 7.9 Hz, 1H), 7.54 (s, 1H), 7.39 (d, 

J = 7.8 Hz, 1H), 3.91 (s, 3H), 2.44 (s, 3H).
 13

C NMR (100 MHz, CDCl3): δ = 167.21, 

142.02, 132.12, 130.50, 128.84 (q, J = 32.0 Hz), 128.06, 127.36 (q, J = 5.4 Hz), 

123.38 (q, J = 271.6 Hz), 52.63, 21.37. 
19

F NMR (376 MHz, CDCl3): δ = -60.07 (s, 

3F). HRMS (ESI-TOF) m/z: calcd for C10H9F3NaO2
 
(M+Na)

+
: 241.0447; found: 

241.0454. 

 

Methyl 4-methyl-3-(trifluoromethyl)benzoate (15m): 

  

The general procedure was followed with 4-methyl-3-(trifluoromethyl)benzonitrile 

(0.25 mmol, 46.25 mg) as the substrate to give a colorless liquid (47.1 mg. Yield: 

82%). 
1
H NMR (400 MHz, CDCl3): δ = 8.27 (s, 1H), 8.07 (d, J = 7.9 Hz, 1H), 7.36 (d, 

J = 8.0 Hz, 1H), 3.93 (s, 3H), 2.54 (d, J = 1.0 Hz, 3H).
 13

C NMR (100 MHz, CDCl3): 

δ = 165.95, 142.04 (m), 132.57, 131.13, 129.22 (q, J = 30.4 Hz), 128.09, 127.11 (q, J 

= 5.7 Hz), 124.02 (q, J = 272.1 Hz), 52.30, 19.52 (m). 
19

F NMR (376 MHz, CDCl3): δ 

= -62.44 (s, 3F). HRMS (ESI-TOF) m/z: calcd for C10H9F3NaO2
 
(M+Na)

+
: 241.0447; 

found: 241.0463. 

 

Methyl 4-chloro-2-(trifluoromethyl)benzoate (16o): 

 



S16 
 

The general procedure was followed with 4-chloro-2-(trifluoromethyl)benzonitrile 

(0.25 mmol, 51.4 mg) as the substrate to give a colorless solid (29.4 mg. Yield: 47%). 

1
H NMR (400 MHz, CDCl3): δ = 7.79 (d, J = 8.3 Hz, 1H), 7.75 (s, 1H), 7.60 (d, J = 

8.4 Hz, 1H), 3.95 (s, 3H).
 13

C NMR (100 MHz, CDCl3): δ = 166.14, 137.73, 131.94, 

131.81, 130.57 (q, J = 33.1 Hz), 129.25, 127.22 (q, J = 5.7 Hz), 122.47 (q, J = 272.2 

Hz), 52.94. 
19

F NMR (376 MHz, CDCl3): δ = -60.43 (s, 3F). HRMS (ESI-TOF) m/z: 

calcd for C9H6ClF3NaO2
 
(M+Na)

+
: 260.9901; found: 260.9909. 

 

Methyl 4-chloro-3-(trifluoromethyl)benzoate (16m): 

  

The general procedure was followed with 4-chloro-3-(trifluoromethyl)benzonitrile 

(0.25 mmol, 51.4 mg) as the substrate to give a colorless solid (53.3 mg. Yield: 85%). 

1
H NMR (400 MHz, CDCl3): δ = 8.34 (s, 1H), 8.12 (dd, J = 8.3, 1.4 Hz, 1H), 7.58 (d, 

J = 8.3 Hz, 1H), 3.94 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 165.01, 137.22 (m), 

133.67, 131.73, 129.00, 128.77 (q, J = 31.9 Hz), 128.79 (q, J = 5.3 Hz), 122.37 (q, J = 

271.7 Hz), 52.62. 
19

F NMR (376 MHz, CDCl3): δ = -63.39 (s, 3F). HRMS (ESI-TOF) 

m/z: calcd for C9H6ClF3NaO2
 
(M+Na)

+
: 260.9901; found: 260.9878. 

 

Methyl 4-bromo-2-(trifluoromethyl)benzoate (17o): 

 

The general procedure was followed with 4-bromo-2-(trifluoromethyl)benzonitrile 

(0.25 mmol, 62.5 mg) as the substrate to give a colorless solid (40.6 mg. Yield: 55%). 

1
H NMR (400 MHz, CDCl3): δ = 7.89 (d, J = 1.5 Hz, 1H), 7.75 (dd, J = 8.3, 1.7 Hz, 

1H), 7.68 (d, J = 8.3 Hz, 1H), 3.93 (s, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -60.35 

(s, 3F). HRMS (ESI-TOF) m/z: calcd for C9H7BrF3O2
 
(M+H)

+
: 282.9576; found: 

282.9532. 

 

Methyl 4-bromo-3-(trifluoromethyl)benzoate (17m): 
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The general procedure was followed with 4-bromo-3-(trifluoromethyl)benzonitrile 

(0.25 mmol, 62.5 mg) as the substrate to give a colorless solid (64.2 mg. Yield: 87%). 

1
H NMR (400 MHz, CDCl3): δ = 8.33 (d, J = 1.7 Hz, 1H), 8.02 (dd, J = 8.3, 1.9 Hz, 

1H), 7.79 (d, J = 8.3 Hz, 1H), 3.94 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 165.17, 

135.31, 133.59, 130.62 (q, J = 31.8 Hz), 129.56, 128.90 (q, J = 5.5 Hz), 125.43 (m), 

122.48 (q, J = 271.9 Hz), 52.67. 
19

F NMR (376 MHz, CDCl3): δ = -63.36 (s, 3F). 

HRMS (ESI-TOF) m/z: calcd for C9H6BrF3NaO2
 

(M+Na)
+
: 304.9395; found: 

304.9358. 

 

Methyl 4-iodo-2-(trifluoromethyl)benzoate (18o): 

 

The general procedure was followed with 4-iodo-2-(trifluoromethyl)benzonitrile (0.25 

mmol, 82.5 mg) as the substrate to give a colorless solid (30.1 mg. Yield: 32%). 
1
H 

NMR (400 MHz, CDCl3): δ = 8.07 (s, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 8.1 

Hz, 1H), 3.92 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 166.48, 140.90, 135.73 (q, J 

= 5.6 Hz), 131.65, 131.14, 130.34, 130.20 (q, J = 32.8 Hz), 130.13, 122.14 (q, J = 

272.5 Hz), 52.96. 
19

F NMR (376 MHz, CDCl3): δ = -60.32 (s, 3F). HRMS (ESI-TOF) 

m/z: calcd for C9H6IF3NaO2
 
(M+Na)

+
: 352.9257; found: 352.9276. 

 

Methyl 4-iodo-3-(trifluoromethyl)benzoate (18m): 

 

The general procedure was followed with 4-iodo-3-(trifluoromethyl)benzonitrile (0.25 

mmol, 82.5 mg) as the substrate to give a colorless solid (71.3 mg. Yield: 76%). 
1
H 

NMR (400 MHz, CDCl3): δ = 8.25 (d, J = 1.8 Hz, 1H), 8.11 (d, J = 8.2 Hz, 1H), 7.80 

(dd, J = 8.2, 1.7 Hz, 1H), 3.93 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 165.36, 
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142.49, 134.11 (q, J = 31.4 Hz), 133.24, 130.24, 129.02, 128.38 (q, J = 5.6 Hz), 

122.38 (q, J = 272.4 Hz), 52.62. 
19

F NMR (376 MHz, CDCl3): δ = -63.46 (s, 3F). 

HRMS (ESI-TOF) m/z: calcd for C9H6IF3NaO2
 
(M+Na)

+
: 352.9257; found: 352.9274. 

 

 

VI. Characterization of the Products 

2-(Trifluoromethyl)terephthalonitrile (1o): 

 

The product was isolated by preparative HPLC as a colorless solid. 
1
H NMR (400 

MHz, CDCl3): δ = 8.09 (s, 1H), 8.01 (s, 2H). 
13

C NMR (100 MHz, CDCl3): δ = 

135.66, 135.46, 134.18 (q, J = 33.8 Hz), 130.16 (q, J = 4.7 Hz), 121.25 (q, J = 272.9 

Hz), 117.20, 115.74, 114.29, 113.76. 
19

F NMR (376 MHz, CDCl3): δ = -62.83 (s, 3F). 

HRMS (ESI-TOF) m/z: calcd for C9H3F2N2
 
(M-F)

+
: 177.0259; found: 177.0259. 

 

Trifluorotoluene (2o): 

 

The 
19

F NMR spectroscopic data of the crude product showed a single peak of -63.14 

ppm in CDCl3 (lit. s, -63.3 ppm in CDCl3).
[4]

 The identity of the product was 

confirmed by GC-MS. 

 

2-(Trifluoromethyl)benzonitrile (3o):  

 

The product was isolated by silica gel preparative TLC as a colorless liquid.
 1
H NMR 

(400 MHz, CDCl3): δ = 7.86 (d, J = 7.4 Hz, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.75 (t, J = 

7.5 Hz, 1H), 7.70 (t, J = 7.4 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -62.61 (s, 3F). 

The NMR spectroscopic data matched that of the authentic samples. 

 



S19 
 

2-(Trifluoromethyl)benzonitrile (3o), 3-(trifluoromethyl)benzonitrile (3m) and 

4-(trifluoromethyl)benzonitrile (3p): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m:p = 28:11:29. 
19

F NMR (376 MHz, CDCl3): δ = -62.38 (o-isomer), 

-63.53 (m-isomer), -63.91 (p-isomer). The 
19

F NMR spectroscopic data matched that 

of the authentic samples and the identity of the products was confirmed by GC-MS. 

 

Ethyl 2-(trifluoromethyl)benzoate (4o), ethyl 3-(trifluoromethyl)benzoate (4m) 

and ethyl 4-(trifluoromethyl)benzoate (4p): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m:p = 35:11:19. 
19

F NMR (376 MHz, CDCl3): δ = -59.72 (o-isomer), 

-63.23 (m-isomer), -63.51 (p-isomer). The 
19

F NMR spectroscopic data matched that 

of the authentic samples synthesized above and the identity of the products was 

confirmed by GC-MS. 

 

1-(tert-Butyl)-2-(trifluoromethyl)benzene (5o), 

1-(tert-butyl)-3-(trifluoromethyl)benzene (5m) and 

1-(tert-butyl)-4-(trifluoromethyl)benzene (5p): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard. The isomer ratio was 46:29:6. 
19

F NMR (376 MHz, CDCl3): δ = 

-53.18 (s, 3F), -62.75 (s, 3F), -62.87 (s, 3F). The identity of the products was 
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confirmed by GC-MS. 

 

1-Iodo-2-(trifluoromethyl)benzene (6o), 1-iodo-3-(trifluoromethyl)benzene (6m) 

and 1-iodo-4-(trifluoromethyl)benzene (6p): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with the reported ones. The isomer ratio was 

o:m:p = 25:22:19. 
19

F NMR (376 MHz, CDCl3): δ = -63.13 (o-isomer, lit. -62.7 ppm 

in CDCl3)
[4]

, -63.33 (m-isomer, lit. -62.9 ppm in CDCl3)
[4]

, -63.41 (p-isomer, lit. -63.0 

ppm in CDCl3)
[4]

. The identity of the products was confirmed by GC-MS. 

 

4-Methyl-2-(trifluoromethyl)benzonitrile (7o): 

 

The product was isolated by silica gel preparative TLC as a colorless liquid. 
1
H NMR 

(400 MHz, CDCl3): δ = 7.73 (d, J = 7.9 Hz, 1H), 7.60 (s, 1H), 7.48 (d, J = 7.9 Hz, 1H), 

2.50 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 144.27, 134.62, 132.71, 127.44 (q, J = 

4.5 Hz), 122.44 (q, J = 272.0 Hz), 115.68, 107.18, 21.79. 
19

F NMR (376 MHz, 

CDCl3): δ = -62.34 (s, 3F). HRMS (ESI-TOF) m/z: calcd for C9H6F3NaN2
 
(M+Na)

+
: 

208.0345; found: 208.0349. The NMR spectroscopic data matched that of the 

authentic sample. 

 

4-Methyl-3-(trifluoromethyl)benzonitrile (7m): 

 

The product was isolated by silica gel preparative TLC as a colorless solid. 
1
H NMR 

(400 MHz, CDCl3): δ = 7.90 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.43 (d, J = 7.9 Hz, 1H), 

2.57 (s, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -62.88 (s, 3F). The identity of the 
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product was confirmed by GC-MS. The NMR spectroscopic data matched that of the 

authentic sample. 

 

4-Fluoro-2-(trifluoromethyl)benzonitrile (8o) and 

4-fluoro-3-(trifluoromethyl)benzonitrile (8m): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 42:15. 4-Fluoro-2-(trifluoromethyl)benzonitrile (8o): 
1
H NMR 

(400 MHz, CDCl3): δ = 7.89 (m, 1H), 7.52 (dd, J = 8.2, 2.4 Hz, 1H), 7.40 (m, 1H). 
19

F 

NMR (376 MHz, CDCl3): δ = -62.79 (s, 3F), -100.23 (s, 1F). 

4-Fluoro-3-(trifluoromethyl)benzonitrile (8m): 
1
H NMR (400 MHz, CDCl3): δ = 

7.95 (d, J = 7.4 Hz, 1H), 7.89 (m, 1H), 7.37 (m, 1H). 
19

F NMR (376 MHz, CDCl3): δ 

= -62.40 (d, J = 12.4 Hz, 3F), -104.27 (q, J = 12.5 Hz, 1F). The NMR spectroscopic 

data matched that of the authentic samples and the identity of the products was 

confirmed by GC-MS. 

 

4-Chloro-2-(trifluoromethyl)benzonitrile (9o) and 

4-chloro-3-(trifluoromethyl)benzonitrile (9m): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 27:21. 4-Chloro-2-(trifluoromethyl)benzonitrile (9o): 
1
H NMR 

(400 MHz, CDCl3): δ = 7.79 (m, 2H), 7.67 (m, 1H). 
19

F NMR (376 MHz, CDCl3): δ = 

-62.70 (s, 3F). 4-Chloro-3-(trifluoromethyl)benzonitrile (9m): 
1
H NMR (400 MHz, 

CDCl3): δ = 7.99 (s, 1H), 7.79 (m, 1H), 7.67 (m, 1H). 
19

F NMR (376 MHz, CDCl3): δ 

= -63.77 (s, 3F). The NMR spectroscopic data matched that of the authentic samples 

and the identity of the products was confirmed by GC-MS. 
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4-Bromo-2-(trifluoromethyl)benzonitrile (10o) and 

4-bromo-3-(trifluoromethyl)benzonitrile (10m): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 36:24. 4-Bromo-2-(trifluoromethyl)benzonitrile (10o): 
1
H NMR 

(400 MHz, CDCl3): δ = 7.95 (s, 1H), 7.85 (d, J = 8.3 Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H). 

19
F NMR (376 MHz, CDCl3): δ = -62.59 (s, 3F). 

4-Bromo-3-(trifluoromethyl)benzonitrile (10m): 
1
H NMR (400 MHz, CDCl3): δ = 

7.96 (s, 1H), 7.88 (d, J = 8.3 Hz, 1H), 7.68 (d, J = 8.3 Hz, 1H). 
19

F NMR (376 MHz, 

CDCl3): δ = -63.80 (s, 3F). The NMR spectroscopic data matched that of the authentic 

samples and the identity of the products was confirmed by GC-MS. 

 

4-Iodo-2-(trifluoromethyl)benzonitrile (11o) and 

4-iodo-3-(trifluoromethyl)benzonitrile (11m):  

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 40:24. 4-Iodo-2-(trifluoromethyl)benzonitrile (11o): 
1
H NMR (400 

MHz, CDCl3): δ = 8.14 (s, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.54 (d, J = 8.1 Hz, 1H). 
19

F 

NMR (376 MHz, CDCl3): δ = -62.57 (s, 3F). 4-Iodo-3-(trifluoromethyl)benzonitrile 

(11m): 
1
H NMR (400 MHz, CDCl3): δ = 8.20 (d, J = 8.2 Hz, 1H), 7.90 (s, 1H), 7.46 

(d, J = 8.1 Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -64.04 (s, 3F). The NMR 

spectroscopic data matched that of the authentic samples and the identity of the 

products was confirmed by GC-MS. 

 

2,4-Bis(trifluoromethyl)benzonitrile (12o) and 

3,4-bis(trifluoromethyl)benzonitrile (12m): 
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The yield was determined by 
19

F NMR using CF3CH2OH as the internal standard. The 

isomer ratio was o:m = 41:7. 2,4-Bis(trifluoromethyl)benzonitrile (12o): 
1
H NMR 

(400 MHz, CDCl3): δ = 8.06 (s, 1H), 8.03 (m, 1H), 7.98 (d, J = 8.2 Hz, 1H). 
19

F NMR 

(376 MHz, CDCl3): δ = -62.37 (s, 3F), -63.75 (s, 3F). 

3,4-Bis(trifluoromethyl)benzonitrile (12m): 
1
H NMR (400 MHz, CDCl3): δ = 8.15 

(s, 1H), 8.02 (m, 2H). 
19

F NMR (376 MHz, CDCl3): δ = -59.98 (m, 3F), -60.10 (m, 

3F). The identity of products was further confirmed by GC-MS. 

 

Methyl 4-cyano-2-(trifluoromethyl)benzoate (13o): 

 

The product was isolated by preparative HPLC as a colorless solid. 
1
H NMR (400 

MHz, CDCl3): δ = 8.03 (s, 1H), 7.91 (m, 2H), 3.97 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ = 165.55, 135.25, 134.97, 131.05, 130.41 (q, J = 5.4 Hz), 130.14 (q, J = 

33.7 Hz), 122.14 (q, J = 272.4 Hz), 116.55, 115.48, 53.37. 
19

F NMR (376 MHz, 

CDCl3): δ = -60.65 (s, 3F). HRMS (ESI-TOF) m/z: calcd for C10H6F2NO2
 
(M-F)

+
: 

210.0361; found: 210.0381. 

 

Methyl 4-cyano-3-(trifluoromethyl)benzoate (13m): 

 

The product was isolated by preparative HPLC as a colorless solid. 
1
H NMR (400 

MHz, CDCl3): δ = 8.45 (s, 1H), 8.34 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 

4.00 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 164.16, 135.00, 134.32, 133.33 (q, J = 

33.2 Hz), 132.97, 127.66 (q, J = 4.7 Hz), 121.95 (q, J = 272.5 Hz), 114.68, 113.90, 

53.15. 
19

F NMR (376 MHz, CDCl3): δ = -62.44 (s, 3F). HRMS (ESI-TOF) m/z: calcd 

for C10H6F2NO2
 
(M-F)

+
: 210.0361; found: 210.0361. 
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2,6-Dichloro-3-(trifluoromethyl)benzonitrile (14m): 

 

The product was isolated by preparative HPLC as a colorless solid. 
1
H NMR (400 

MHz, CDCl3): δ = 7.85 (d, J = 8.6 Hz, 1H), 7.58 (d, J = 8.5 Hz, 1H). 
13

C NMR (100 

MHz, CDCl3): δ = 142.17, 137.32, 131.40, 128.27, 121.72 (J = 272.4 Hz), 117.41, 

112.32. 
19

F NMR (376 MHz, CDCl3): δ = -63.37 (s, 3F). HRMS (ESI-TOF) m/z: calcd 

for C8H2Cl2F2N
 
(M-F)

+
: 219.9527; found: 219.9512. 

 

2,6-Dichloro-3-(trifluoromethyl)benzonitrile (14m) and 

2,6-dichloro-4-(trifluoromethyl)benzonitrile (14p): 

 

The yield was determined by 
19

F NMR using CF3CH2OH as the internal standard. The 

isomer ratio was m:p = 44:29. 2,6-Dichloro-4-(trifluoromethyl)benzonitrile (14p): 

1
H NMR (400 MHz, CDCl3): δ = 7.70 (s, 2H). 

19
F NMR (376 MHz, CDCl3): δ = 

-64.07 (s, 3F). The identity of products was further confirmed by GC-MS. 

 

Methyl 4-methyl-2-(trifluoromethyl)benzoate (15o): 

 

The product was isolated by silica gel preparative TLC as a colorless solid. 
1
H NMR 

(400 MHz, CDCl3): δ = 7.72 (d, J = 7.8 Hz, 1H), 7.55 (s, 1H), 7.40 (d, J = 7.8 Hz, 1H), 

3.92 (s, 3H), 2.45 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 167.21, 142.02, 132.12, 

130.51, 128.86 (q, J = 32.0 Hz), 128.09, 127.37 (q, J = 5.4 Hz), 123.38 (q, J = 271.7 

Hz), 52.65, 21.40. 
19

F NMR (376 MHz, CDCl3): δ = -60.06 (s, 3F). HRMS (ESI-TOF) 

m/z: calcd for C10H9F3NaO2
 
(M+Na)

+
: 241.0447; found: 241.0443. The NMR 

spectroscopic data matched that of the authentic sample synthesized above. 

 

Methyl 4-methyl-2-(trifluoromethyl)benzoate (15o) and methyl 
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4-methyl-3-(trifluoromethyl)benzoate (15m): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 26:18. Methyl 4-methyl-3-(trifluoromethyl)benzoate (15m): 
1
H 

NMR (400 MHz, CDCl3): δ = 8.28 (s, 1H), 8.08 (d, J = 7.9 Hz, 1H), 7.36 (d, J = 8.0 

Hz, 1H), 3.93 (s, 3H), 2.54 (d, J = 1.0 Hz, 3H). 
19

F NMR (376 MHz, CDCl3): δ = 

-62.40 (s, 3F). The NMR spectroscopic data matched that of the authentic samples 

synthesized above, and the products were further confirmed by GC-MS. 

 

Methyl 4-chloro-2-(trifluoromethyl)benzoate (16o) and methyl 

4-chloro-3-(trifluoromethyl)benzoate (16m):  

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 29:25. Methyl 4-chloro-2-(trifluoromethyl)benzoate (16o): 
1
H 

NMR (400 MHz, CDCl3): δ = 7.77 (d, J = 8.3 Hz, 1H), 7.73 (d, J = 1.9 Hz, 1H), 7.59 

(m, 1H), 3.93 (s, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -60.42 (s, 3F). Methyl 

4-chloro-3-(trifluoromethyl)benzoate (16m): 
1
H NMR (400 MHz, CDCl3): δ = 8.35 

(d, J = 1.8 Hz, 1H), 8.13 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (m, 1H), 3.95 (s, 3H). 
19

F 

NMR (376 MHz, CDCl3): δ = -63.32 (s, 3F). The NMR spectroscopic data matched 

that of the authentic samples synthesized above, and the products were further 

confirmed by GC-MS. 

 

Methyl 4-bromo-2-(trifluoromethyl)benzoate (17o) and methyl 

4-bromo-3-(trifluoromethyl)benzoate (17m): 
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The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 

ratio was o:m = 29:24. Methyl 4-bromo-2-(trifluoromethyl)benzoate (17o): 
1
H 

NMR (400 MHz, CDCl3): δ = 7.89 (s, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.69 (d, J = 8.0 

Hz, 1H), 3.93 (s, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -60.36 (s, 3F). Methyl 

4-bromo-3-(trifluoromethyl)benzoate (17m): 
1
H NMR (400 MHz, CDCl3): δ = 8.35 

(s, 1H), 8.04 (d, J = 8.3 Hz, 1H), 7.81 (d, J = 8.3 Hz, 1H), 3.95 (s, 3H). 
19

F NMR (376 

MHz, CDCl3): δ = -63.33 (s, 3F). The NMR spectroscopic data matched that of the 

authentic samples synthesized above, and the products were further confirmed by 

GC-MS. 

 

Methyl 4-iodo-3-(trifluoromethyl)benzoate (18m): 

 

The product was isolated by preparative HPLC as a colorless solid. 
1
H NMR (400 

MHz, CDCl3): δ = 8.28 (s, 1H), 8.13 (d, J = 8.2 Hz, 1H), 7.82 (d, J = 8.2 Hz, 1H), 

3.95 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 165.39, 142.53, 133.26, 130.30, 

128.45, 97.21, 52.63. 
19

F NMR (376 MHz, CDCl3): δ = -63.44 (s, 3F). HRMS 

(ESI-TOF) m/z: calcd for C9H6IF3NaO2
 
(M+Na)

+
: 352.9257; found: 352.9254. The 

NMR spectroscopic data matched that of the authentic samples synthesized above. 

 

Methyl 4-iodo-2-(trifluoromethyl)benzoate (18o) and methyl 

4-iodo-3-(trifluoromethyl)benzoate (18m):  

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with those of authentic samples. The isomer 
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ratio was o:m = 35:26. Methyl 4-iodo-2-(trifluoromethyl)benzoate (18o): 
1
H NMR 

(400 MHz, CDCl3): δ = 8.08 (s, 1H), 7.96 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 8.1 Hz, 1H), 

3.93 (s, 3H). 
19

F NMR (376 MHz, CDCl3): δ = -60.31 (s, 3F). The NMR 

spectroscopic data matched that of the authentic samples synthesized above, and the 

products were further confirmed by GC-MS. 

 

Dimethyl 2-(trifluoromethyl)terephthalate (19o): 

 

The product was isolated by preparative HPLC as a colorless solid. 
1
H NMR (400 

MHz, CDCl3): δ = 8.39 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 

3.96 (s, 3H), 3.95 (s, 3H). 
13

C NMR (100 MHz, CDCl3): δ = 166.47, 164.88, 134.80, 

132.70, 132.61, 130.27, 129.06 (q, J = 32.9 Hz), 127.82 (q, J = 5.3 Hz), 122.83 (q, J = 

272.0 Hz), 52.99, 52.66. 
19

F NMR (376 MHz, CDCl3): δ = -60.31 (s, 3F). HRMS 

(ESI-TOF) m/z: calcd for C11H9F3NaO4
 
(M+Na)

+
: 285.0345; found: 285.0351. 

 

4-Bromo-1-iodo-2-(trifluoromethyl)benzene (20o) and 

4-bromo-1-iodo-3-(trifluoromethyl)benzene (20m): 

 

The yield and the isomer ratio were determined by 
19

F NMR using CF3CH2OH as the 

internal standard by comparing 
19

F NMR with the reported ones. The isomer ratio was 

o:m = 23:27. 4-Bromo-1-iodo-2-(trifluoromethyl)benzene (20o): 
1
H NMR (400 

MHz, CDCl3): δ = 7.87 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 1.9 Hz, 1H), 7.33 (dd, J = 8.3, 

1.9 Hz, 1H). The 
1
H NMR data matched that in literature

[5]
. 

19
F NMR (376 MHz, 

CDCl3): δ = -63.68 (s, 3F). 4-Bromo-1-iodo-3-(trifluoromethyl)benzene (20m): 
1
H 

NMR (400 MHz, CDCl3): δ = 7.98 (s, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.42 (d, J = 8.4 

Hz, 1H). 
19

F NMR (376 MHz, CDCl3): δ = -63.45 (s, 3F). The identity of products 

was further confirmed by GC-MS. 

 

4-Fluoro-1-iodo-2-(trifluoromethyl)benzene (21o) and 
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4-fluoro-1-iodo-3-(trifluoromethyl)benzene (21m): 

 

The yield was determined by 
19

F NMR using CF3CH2OH as the internal standard. The 

isomer ratio was o:m = 26:20. 
19

F NMR: m-isomer: -63.83 (s), -112.45 (s); o-isomer: 

-62.12 (d, J = 12.4 Hz, 3F), -115.96 (q, J = 12.6 Hz, F). The identity of products was 

further confirmed by GC-MS.  

 

 

Reference: 

[1] 
Liu, C.-Y.;* Wang, X.; Furuyama, T.; Yasuike, S.; Muranaka, A.; Morokuma, K.;* 

Uchiyama, M.* Chem. Eur. J. 2010, 16, 1780. 

[2] 
Popov, I.; Lindeman, S.; Daugulis, O.* J. Am. Chem. Soc. 2011, 133, 9286. 

[3] 
R. Shang, Y. Fu,* J.-B. Li, S.-L. Zhang, Q.-X. Guo, L. Liu,* J. Am. Chem. Soc., 

2009, 131, 5738. 

[4] 
Ye, Y.-D.; Lee, S. H.; Sanford, M. S.;* Org. Lett., 2011, 13, 5464. 

[5]
 Hattori, Y.; Yamamoto, H.; Ando, H.; Kondoh, H.; Asano, T.; Kirihata, M.; 

Yamaguchia, Y.; Wakamiyaa, T.* Bioorgan. Med. Chem. 2007, 15, 2198. 
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VII. Spectra 

Spectra of authentic samples: 

2-(Trifluoromethyl)benzonitrile: 

1
H NMR 

 
19

F NMR 
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3-(Trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-(Trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Methyl-2-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Methyl-3-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Fluoro-2-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Fluoro-3-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Chloro-2-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Chloro-3-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Bromo-2-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Bromo-3-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Iodo-2-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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4-Iodo-3-(trifluoromethyl)benzonitrile: 

1
H NMR 

 

 

19
F NMR 
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Ethyl 2-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

19
F NMR 
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Ethyl 3-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

19
F NMR 
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Ethyl 4-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

19
F NMR 
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Methyl 4-methyl-2-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

13
C NMR 
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19
F NMR 

 

 

Methyl 4-methyl-3-(trifluoromethyl)benzoate: 

1
H NMR 
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13
C NMR 

 

 

19
F NMR 
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Methyl 4-chloro-2-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

13
C NMR 
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19
F NMR 

 

 

Methyl 4-chloro-3-(trifluoromethyl)benzoate: 

1
H NMR 
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13
C NMR 

 

 

19
F NMR 
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Methyl 4-bromo-2-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

19
F NMR 
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Methyl 4-bromo-3-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

13
C NMR 
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19
F NMR 

 

 

Methyl 4-iodo-2-(trifluoromethyl)benzoate: 

1
H NMR 
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13
 C NMR 

 

 

19
F NMR 
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Methyl 4-iodo-3-(trifluoromethyl)benzoate: 

1
H NMR 

 

 

13
 C NMR 
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19
F NMR 

 

Spectra of products: 

Compound 1o: 

1
H NMR 
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13
C NMR 

 

 

19
F NMR 
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Compound 2o: 

19
F NMR 

 

 

GC-MS 

F:\DATA\...\CF3 of p-nitrotoluene\F-2099 6/24/2014 5:26:12 PM

RT: 0.00 - 21.53

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Time (min)
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R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

RT: 1.01
AA: 385769144

RT: 1.36
MA: 594696729

RT: 6.75
MA: 354087390

RT: 2.96
AA: 19917392

RT: 10.77
AA: 3202417

RT: 1.52
AA: 2983822

RT: 11.82
AA: 1031145

RT: 18.11
AA: 455327

RT: 3.85
AA: 648147

RT: 15.88
AA: 149819

RT: 6.41
AA: 454844

RT: 20.13
AA: 267866

RT: 7.20
AA: 81179

RT: 13.30
AA: 102744

RT: 9.32
AA: 158310 21.4416.82

NL:
2.69E8

TIC  MS 
F-2099

F-2099 #129 RT: 1.36 AV: 1 NL: 3.93E7
T: {0,0}  + c EI Full ms [40.00-300.00]

40 60 80 100 120 140 160 180 200 220 240 260 280

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

146.05

145.03

96.04
127.03

77.0651.04
75.0450.04

125.0174.04 147.0795.05
63.10 128.0597.07 107.03 195.02 214.0381.0249.02 164.0388.01 148.08 176.01 293.30277.09231.16 252.84 264.87237.24
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Compound 3o: 

1
H NMR 

 

 

19
F NMR 
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Compound 3o-p:
 

19
F NMR 

 

 

 

GC-MS 

F:\DATA\...\CF3 of p-nitrotoluene\F-2108 6/25/2014 12:47:48 PM

RT: 1.99 - 10.01

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

Time (min)

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

RT: 3.37

AA: 42507062

RT: 4.82

AA: 17337282
RT: 4.49

MA: 20051632 RT: 6.86

AA: 16197110RT: 4.90

MA: 6835075RT: 2.42

AA: 1931761

RT: 6.02

AA: 2452785

RT: 3.22

AA: 1109946
RT: 8.76

AA: 1200034

RT: 6.64

AA: 464695

RT: 5.61

AA: 384901

RT: 3.53

AA: 296959

RT: 7.47

AA: 115634

RT: 7.70

AA: 106287

RT: 8.55

AA: 88146

RT: 9.47

AA: 83023

RT: 9.83

AA: 59850

RT: 3.88

AA: 44804

RT: 7.19

AA: 43141

4.44
7.102.91 5.182.06 6.334.70 8.14 9.26

NL:

2.16E7

TIC  M S 

F-2108

F-2108 #856-892 RT: 4.41-4.53 AV: 37 NL: 4.67E5

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

170.04

239.03

220.04

189.0269.00
75.02

44.01
139.01100.05

150.0350.03 120.03 171.06 240.0657.05 93.0276.05 169.01 221.08101.00 194.02 219.09132.03 293.17280.98253.27 322.17275.17 341.24 355.13308.09 393.59371.38 387.26

F-2108 #965-1014 RT: 4.78-4.95 AV: 50 NL: 4.84E5

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

171.04

121.03

152.04

75.04 170.05

44.01
76.05 102.0450.04 69.01 94.04 172.07122.06 153.07151.0485.14 120.00 207.03 293.12281.05238.94220.08191.02 322.35249.05 264.94 327.88306.47 342.97 361.02 393.29369.54 384.28

F-2108 #1576 RT: 6.86 AV: 1 NL: 9.92E5

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

171.05

121.03

152.04

170.0475.02

76.0650.05 69.01 102.0594.01 151.05125.04 172.07153.0757.04 77.07 120.01 206.92134.88 293.22198.96 280.99215.55 264.11249.43 342.27 359.62322.29 375.64236.10 301.20 385.00 397.61
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Compound 4o-p: 

19
F NMR 

 

 

 

GC-MS 

F:\DATA\...\F-2068_140620202125 6/20/2014 8:21:25 PM

RT: 2.50 - 8.51

2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0 8.2 8.4

Time (min)

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

RT: 6.34

AA: 87593960
RT: 3.20

AA: 83365073

RT: 6.03

AA: 40207156

RT: 5.64

AA: 13488004 RT: 6.43

AA: 2006029

RT: 6.77

AA: 1201755

RT: 4.00

AA: 880483

RT: 5.30

AA: 642324

RT: 4.59

AA: 311916

RT: 4.32

AA: 271875

RT: 7.41

AA: 116098

RT: 3.76

AA: 94672

RT: 8.09

AA: 194181

RT: 7.89

AA: 87506

RT: 2.84

AA: 56528

RT: 8.51

AA: 50658

RT: 2.97

AA: 217370

RT: 7.19

AA: 49362

RT: 3.49

AA: 53090

RT: 4.76

AA: 154732

NL:

7.75E7

TIC  M S  

ICIS 

F-

2068_140620

202125

F-2068_140620202125 #1186 RT: 6.03 AV: 1 NL: 8.76E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

173.04

145.03

190.05
95.05

75.02 125.0345.05 174.0950.03 218.06149.07 199.0874.03 76.07 143.0499.02 119.02 171.0494.05 241.02 258.09 280.95265.24 293.44 322.26 335.62 378.71 394.10308.73 369.10224.43 359.31344.35

F-2068_140620202125 #1209 RT: 6.11 AV: 1 NL: 5.24E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

173.05

145.02

190.05
95.05

75.0345.05 125.04
218.07174.0850.04

146.0874.03 199.0976.06 99.01 127.06 171.05119.0294.08 292.91 308.63240.70 252.97 276.90 336.94 354.93 365.85329.45234.94 382.31261.93 396.62

F-2068_140620202125 #1277 RT: 6.34 AV: 1 NL: 2.07E7

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

173.04

145.02

95.05 190.05
75.03 125.03

151.02 174.06 198.0650.03 74.03 76.05 96.0794.06 119.0157.01 127.06 170.02 218.05 293.17236.94 261.12255.30 271.63 333.14277.03 321.72299.29 352.55 380.79 394.58364.70
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Compound 5o-p: 

19
F NMR 

 

 

 

GC-MS 

F:\DATA\...\CF3 of p-nitrotoluene\F-2102 6/24/2014 7:17:38 PM

RT: 1.58 - 8.00

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8

Time (min)

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

RT: 4.05

AA: 177859283

RT: 4.24

AA: 111480620
RT: 3.13

AA: 103073346

RT: 4.47

AA: 65256098

RT: 4.86

AA: 18591022
RT: 5.07

AA: 6575982
RT: 3.76

AA: 4343557
RT: 7.16

AA: 1296153

RT: 7.59

AA: 633327

RT: 5.85

AA: 497850

RT: 1.64

AA: 766883

RT: 2.02

AA: 559011

RT: 6.96

AA: 858683

RT: 2.33

AA: 527361

RT: 6.07

AA: 508947

RT: 6.48

AA: 228745

RT: 5.44

AA: 171566

RT: 2.77

AA: 123866

RT: 2.96

AA: 60102

RT: 3.55

AA: 184998

NL:

1.59E8

TIC  M S  

ICIS F-2102

F-2102 #778 RT: 4.24 AV: 1 NL: 2.38E7

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

187.07

159.06

41.06

109.05 202.09151.05 183.11127.03 160.0875.0551.03 57.12 145.0291.07 293.10277.02 322.36225.90208.75 394.19237.97 341.36250.91 358.28269.67 373.96313.36

F-2102 #844 RT: 4.47 AV: 1 NL: 1.32E7

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

187.08159.06

41.06

109.05 202.09151.03115.05 160.07127.03 183.1075.05 91.0551.04 57.09 189.11 204.14 262.92 280.84 293.35253.26 323.17214.49 341.09 392.86303.05239.51 358.87 378.30

F-2102 #959 RT: 4.86 AV: 1 SB: 37 4.64-4.76 NL: 1.66E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

147.05 187.08

167.08159.06

127.0557.08
41.06

151.05146.06 202.10115.06109.05
75.0656.07 91.05 168.1163.07 145.06

203.11189.14 355.79240.34 307.21283.13 364.02259.43 398.71214.38 225.09 337.23266.32 381.46294.11 323.34
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Compound 6o-p: 

19
F NMR 

 

 

 

GC-MS 

F:\DATA\...\CF3 of p-nitrotoluene\F-2119 6/27/2014 12:52:16 PM

RT: 1.00 - 8.00

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5

Time (min)

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

2.35

3.64

3.59 4.18

3.68

4.24 4.463.01 4.881.02 1.49 2.981.23 3.731.58 3.21 3.55 4.573.852.431.75 1.94 2.13 2.59 4.934.01 5.14 5.30 5.42 5.60 5.84 5.91 6.546.16 6.99 7.936.34 7.386.65 7.57 7.776.82 7.19

NL:

5.29E7

TIC  M S 

F-2119

F-2119 #924 RT: 3.64 AV: 1 SB: 52 1.23-1.41 NL: 8.59E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

145.03

271.95

95.04
75.03

125.0150.03
74.04

76.06 146.07126.07 252.9499.0151.04 273.0094.04 119.0248.99 68.02 203.97175.92163.04 221.98 340.08182.81 270.56 320.87227.38 361.18285.83 312.28 367.18 381.05 389.96301.42 347.98245.07

F-2119 #935 RT: 3.68 AV: 1 SB: 52 1.23-1.41 NL: 1.17E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

339.95

213.04

163.02

143.0375.03

74.02 145.06125.02 320.92
98.99 194.0694.0650.05 214.09 341.02162.02 271.95113.0277.07 164.0768.06 203.92127.94 321.98253.07 289.86175.01 224.74 392.50320.16245.78 379.57298.80 363.44

F-2119 #1082 RT: 4.18 AV: 1 SB: 52 1.23-1.41 NL: 6.37E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

145.04

271.95

95.03
75.03

125.03

50.03 74.05 146.06126.9276.05 99.02 272.98252.9394.02 119.0257.0448.99 175.92 270.72202.86164.00 221.95182.35 339.89233.11 321.87 355.95284.02 362.09300.08 313.89 376.65 383.30 397.78
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Compound 7o: 

1
H NMR 

 

 

13
C NMR 
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19
F NMR 

 

 

Compound 7m: 

1
H NMR 
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19
F NMR 

 

 

Compound 8o-m: 

1
H NMR 

 
 



S67 
 

19
F NMR 

 

 

GC-MS 

F:\DATA\...\4-F-PhCN-3 6/9/2014 10:50:28 AM

RT: 1.99 - 9.97

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5

Time (min)
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v
e

 A
b
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n

d
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c
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RT: 5.57

MA: 24621578

RT: 5.65

MA: 11445218

5.74 5.964.102.14 6.00 6.77 8.646.686.39 7.452.45 7.55 9.168.794.13 9.315.36 8.157.072.78 2.94 7.74 8.968.487.957.25 8.364.583.10 9.889.699.533.42 3.81 4.893.542.65 4.98

NL:

1.07E7

TIC  MS 

4-F-PhCN-3

4-F-PhCN-3 #1196 RT: 5.57 AV: 1 NL: 1.19E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z
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100
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e
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v
e

 A
b

u
n

d
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n
c
e

189.07

139.06

170.05

69.02

75.03 100.05

44.01
93.04

144.07 188.09120.0550.04
112.0688.0768.03

57.03 190.09
169.07 171.11150.06101.06 125.02

207.07191.11 293.18277.35222.97 264.96 355.63331.34322.12235.18 246.21 396.48342.44 386.61373.99314.90

4-F-PhCN-3 #1220 RT: 5.65 AV: 1 NL: 4.06E5

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z
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 A
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d
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n
c
e

139.06
189.06

170.08

44.00

69.04

75.03

100.07
93.07

50.06

68.04 112.0588.06 188.06120.0657.04 143.06
190.05171.02163.02

106.12 123.85 207.06191.07172.00 293.28277.29233.46 252.93227.23 267.25 353.12 376.87345.57 385.87333.35319.99 362.16305.66 394.23
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Compound 9o-m: 

1
H NMR 

 

 

19
F NMR 
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GC-MS 

F:\DATA\...\4-Cl-PhCN-3 1/11/2014 6:58:12 PM

RT: 0.00 - 25.11

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Time (min)
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10
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70

80

90

100

R
e

la
ti
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e

 A
b

u
n

d
a

n
c
e

11.48

2.05

5.342.13

11.312.20 3.10 20.329.33 20.79 24.1023.278.00 21.8418.52 19.6614.06 14.5012.13 17.5813.03 16.177.59 9.475.66 6.324.19 4.69

NL:
1.38E7

TIC  MS 
4-Cl-PhCN-
3

4-Cl-PhCN-3 #2788 RT: 11.48 AV: 1 NL: 1.14E6
T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z
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R
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d
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e

170.06

205.01

75.06
44.00

100.03

69.02
155.01

50.04

99.05

186.04 207.00

120.06
93.02 150.03 157.0451.02 188.03101.04 171.08

125.05
208.09204.03

294.02281.87265.10222.18 249.33 335.19310.42 395.28349.58 363.88 377.43

 

 

Compound 10o-m: 

1
H NMR 
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19
F NMR 

 

 

Compound 11o-m: 

1
H NMR 
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19
F NMR 

 

 

GC-MS 

F:\DATA\...\4-IPhCN-1-36 5/27/2014 4:17:03 PM

RT: 2.99 - 7.00

3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0

Time (min)
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e
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e
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b
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n

d
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n
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e

RT: 5.07

AA: 123187928

RT: 5.03

AA: 55212810

RT: 6.40

AA: 95190

RT: 4.42

AA: 277179

RT: 5.80

AA: 274606

RT: 3.39

AA: 127633

RT: 5.22

AA: 160924

RT: 4.04

AA: 124820

RT: 3.26

AA: 104281

RT: 3.83

AA: 76726

RT: 6.90

AA: 103268

RT: 3.61

AA: 53844

RT: 5.51

AA: 84898

RT: 6.66

AA: 202455

RT: 4.57

AA: 88778

RT: 4.70

AA: 40965

RT: 4.89

AA: 127476

RT: 6.04

AA: 31909

RT: 6.15

AA: 93892

RT: 4.28

AA: 64260

NL:

1.42E8

TIC  MS  

ICIS 

4-IPhCN-1-

36

4-IPhCN-1-36 #890 RT: 5.03 AV: 1 NL: 1.35E7

T: {0,0}  + c EI Full ms [40.00-500.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

m/z

0

10
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40
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60

70

80

90
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R
e
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e

 A
b

u
n

d
a

n
c
e

170.04

296.94

75.04
100.06

143.0369.02 120.0650.04
150.03 171.06

93.02 101.06
297.9951.04 277.91152.05132.04 172.03 227.93 246.89200.82 208.09 270.18 339.97 354.82324.81 429.29388.70 448.44378.86 464.58 490.77406.45

4-IPhCN-1-36 #901 RT: 5.07 AV: 1 NL: 3.40E7

T: {0,0}  + c EI Full ms [40.00-500.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

m/z

0

10

20
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40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

170.02

296.95

75.04
100.05

120.0550.04 69.02 143.02
150.04

171.06126.90101.06 151.05 297.9993.01 277.9051.05
132.04 172.07 246.94227.91200.93 208.13 268.90 466.95403.12331.27 427.82354.89312.93 480.12387.47368.81 445.10 495.13
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Compound 12o-m: 

1
H NMR 

 

 

19
F NMR 
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GC-MS 

F:\DATA\...\4-CF3-PhCN-1 3/19/2014 9:58:21 PM

RT: 0.00 - 15.86

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Time (min)
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d
a

n
c
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RT: 5.14

AA: 159270277

RT: 6.38

AA: 23298520
RT: 2.42

AA: 10133378RT: 1.59

AA: 4956379

RT: 3.63

AA: 2547276

RT: 12.27

AA: 1675182

RT: 9.51

AA: 3534541

RT: 12.86

AA: 1791918

RT: 14.29

AA: 1468667

RT: 7.91

AA: 990677

RT: 5.82

AA: 1246955RT: 4.09

AA: 1533749

RT: 15.20

AA: 2475802

RT: 8.70

AA: 540393

RT: 10.56

AA: 1110572

RT: 10.99

AA: 530719

RT: 4.42

AA: 85342

RT: 5.76

AA: 94813

NL:

7.02E7

TIC  M S  

ICIS 

4-CF3-

PhCN-1

4-CF3-PhCN-1 #966 RT: 4.78 AV: 1 NL: 9.39E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z

0

20

40

60

80
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e
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v
e

 A
b

u
n

d
a

n
c
e

170.02

238.9869.02 219.99
75.04

189.01
100.05 139.04

150.0250.04 120.03 171.0493.0287.08 169.0057.05 101.03 240.01221.03194.00 207.00132.03 280.97 293.23264.75 325.93 364.29 393.45305.96 353.73 387.87334.84

4-CF3-PhCN-1 #1071 RT: 5.14 AV: 1 NL: 1.13E7

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z
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40

60

80
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e
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e

 A
b

u
n

d
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n
c
e

121.03

171.03

152.0475.05

76.06 170.02102.0350.04 94.0369.02
44.01 125.02 172.0457.05 151.04 153.0893.05 119.93 207.04191.16 281.00220.03 250.07 293.11 376.63322.28267.26 307.02239.05 341.73 386.22359.68 393.42

4-CF3-PhCN-1 #1435 RT: 6.38 AV: 1 NL: 1.90E6

T: {0,0}  + c EI Full ms [40.00-400.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

m/z
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e

170.04

69.0444.02
75.04

100.06 239.00
219.9850.04 189.0092.99 139.0657.07 76.05 120.05 150.03 207.03171.09104.99 169.02 221.00 240.13 281.01 363.15264.89 301.27 312.77 327.48 377.58 395.05341.92 354.32

 

 

 

Compound 13o: 

1
H NMR 
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13
C NMR 

 

 

19
F NMR 
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Compound 13m: 

1
H NMR 

 

 

13
C NMR 
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19
F NMR 

 

 

Compound 14m: 

1
H NMR 
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Compound 14m-p: 

19
F NMR 

 

Compound 15o: 

1
H NMR 
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13
C NMR 

 

 

19
F NMR 
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Compound 15m: 

1
H NMR 

 

 

19
F NMR 
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GC-MS 

F:\DATA\...\4-Me-PhCO2Me-2 3/20/2014 4:45:57 PM

RT: 8.00 - 16.00

8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0
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RT: 11.89

MA: 420937614

RT: 12.06

MA: 131664628

10.58 12.27 15.8815.4712.40 13.61 13.939.90 14.0813.4512.61 15.3113.239.80 14.258.24 14.79 15.008.82 9.38 9.52 12.878.99 11.4710.3610.02 14.4511.348.67 10.948.55 9.27 11.76

NL:

1.04E8

TIC  MS 

4-Me-

PhCO2Me-

2

4-Me-PhCO2Me-2 #3200 RT: 11.88 AV: 1 NL: 3.09E7

T: {0,0}  + c EI Full ms [50.00-400.00]

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
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119.05

91.05

65.04

150.06

89.0463.04 120.10
92.0751.06 77.05 151.09105.08 149.06121.09 207.01190.93176.82162.94 280.99 354.96325.30249.13 264.93238.01 293.17224.91 342.68309.38 360.38 379.68 391.23

4-Me-PhCO2Me-2 #3252 RT: 12.06 AV: 1 NL: 4.85E6

T: {0,0}  + c EI Full ms [50.00-400.00]
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187.02

109.07

159.04

119.04

63.03 83.07 89.06
218.03

69.08 99.0475.03 139.0462.05 188.05
91.06 199.04158.02120.07 160.07

219.03186.07 281.04265.07248.99 293.23 388.75322.53 355.08234.95 377.09310.25 343.11 369.30 399.19328.04

 

 

Compound 16o-m: 

1
H NMR 
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19
F NMR 

 

 

GC-MS 

F:\DATA\...\CF3 of p-nitrotoluene\F-2125 7/4/2014 10:46:10 PM

RT: 2.03 - 18.01

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Time (min)
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c
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RT: 3.50

RT: 11.56
RT: 12.52

RT: 10.28 RT: 11.36RT: 9.40 RT: 12.65RT: 4.84RT: 2.46 RT: 14.73 RT: 15.66RT: 14.18 RT: 16.19RT: 6.01RT: 3.07 RT: 17.01RT: 5.38RT: 3.76 RT: 7.02 RT: 17.76RT: 8.58RT: 8.26

12.26

13.2111.694.37 6.55 7.45

NL:

1.77E7

TIC  M S 

F-2125

F-2125 #2812 RT: 11.56 AV: 1 NL: 1.21E6

T: {0,0}  + c EI Full ms [40.00-600.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

m/z
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207.01

179.02

209.02
144.0575.04

238.02181.00125.05
69.01 94.0944.03 240.03160.06 185.02 210.08 293.17267.40 305.08 582.32539.37354.07 444.60338.66 491.02476.08 519.13429.17388.40 418.77 558.55374.94 596.38

F-2125 #3017 RT: 12.26 AV: 1 NL: 1.10E6

T: {0,0}  + c EI Full ms [40.00-600.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
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139.01

111.01

75.04
141.02

170.00
50.04 112.9974.06

76.07 172.0473.06 104.05 142.03135.13 206.90 280.71 343.94322.72237.59 355.04293.22266.39 536.08 592.73446.53 496.07 567.52430.84415.00385.79 458.11 482.77 523.50

F-2125 #3093 RT: 12.52 AV: 1 NL: 8.33E5

T: {0,0}  + c EI Full ms [40.00-600.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
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207.02

179.01

209.0075.03
144.02 238.03

180.99125.09
111.0069.0544.03 94.07 237.01 240.02145.01 170.06 202.98 293.25280.64 479.16323.62 405.12339.71 458.66356.33 371.97 491.49 549.90 583.45512.45427.96 563.88532.46
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Compound 17o: 

1
H NMR 

 

 

19
F NMR 
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Compound 17m: 

1
H NMR 

 

 

19
F NMR 
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Compound 18o-m: 

1
H NMR 

 

 

19
F NMR 
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GC-MS 

F:\DATA\...\4-I-PhCO2Me-2-3 3/23/2014 4:41:08 PM

RT: 11.95 - 24.02

12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0 23.5 24.0

Time (min)
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c
e

RT: 17.98

MA: 77446295

RT: 17.85

MA: 48864147
RT: 17.07

MA: 43498791

18.1015.00 18.58 19.2217.16 23.8317.73 22.9021.8113.68 21.1715.87 23.5816.45 21.6420.31 23.1214.11 15.46 19.5512.96 18.99 20.5213.53 22.2212.35 14.80 22.6319.9916.9612.69

NL:

3.12E7

TIC  M S 

4-I-

PhCO2M e-2-

3

4-I-PhCO2Me-2-3 #4431 RT: 17.07 AV: 1 SB: 125 16.41-16.83 NL: 1.88E6

T: {0,0}  + c EI Full ms [40.00-600.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

m/z
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144.01

75.03

74.03
125.02

298.87
94.03

172.02

329.91
50.00 126.9269.05 98.9993.02

145.04 270.90
173.10118.1181.06 207.03 299.91 330.95279.89251.99239.96 584.80384.75 539.69500.80371.17 523.73465.20450.05 565.19433.14405.96

4-I-PhCO2Me-2-3 #4662 RT: 17.85 AV: 1 SB: 76 18.26-18.52 NL: 3.57E6

T: {0,0}  + c EI Full ms [40.00-600.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600
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e

76.05

50.03

74.03 230.91
104.03

202.9277.08 261.93
126.9173.01

92.09 231.93148.97 207.13 262.84176.91 191.06 357.10281.01 418.17296.55 406.06321.61 340.92 434.66 479.08 487.79467.83392.39 599.35561.46 580.01525.07 538.88

4-I-PhCO2Me-2-3 #4698 RT: 17.98 AV: 1 SB: 76 18.20-18.45 NL: 3.56E6

T: {0,0}  + c EI Full ms [40.00-600.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

m/z
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144.03

75.04

125.00 298.86

329.90
94.04 172.00

145.04126.8469.0550.01 93.04 173.03 270.8799.01
299.94203.06149.07 330.97260.82173.97 271.89251.88231.00 465.57417.35 545.11357.80 450.36367.05 577.41523.37 557.66486.11 599.18385.46 496.39

 

 

 

Compound 18m: 

1
H NMR 
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Compound 19o: 

1
H NMR 
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Compound 20o-m: 

1
H NMR 
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19
F NMR 

 

 

GC-MS 

F:\DATA\...\4-BrPhI-2 3/23/2014 5:48:45 PM

RT: 9.99 - 24.03

10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0 23.5 24.0

Time (min)
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c
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RT: 16.98

RT: 16.90

RT: 16.42

21.9510.02 15.92 23.2318.00 23.8017.0712.4912.21 22.01 22.9721.4413.9211.92 13.57 17.6714.3811.52 19.50 20.3813.33 20.6519.3018.20 19.6910.57 15.2111.15 18.7314.74 15.73

NL:

1.36E7

TIC  M S 

4-BrPhI-2

4-BrPhI-2 #4244 RT: 16.43 AV: 1 SB: 42 16.07-16.21 NL: 7.13E5

T: {0,0}  + c EI Full ms [40.00-500.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

m/z
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50.06

75.03

154.90126.8973.02
51.05 283.8577.04

148.9691.06 128.01105.02 158.04 207.00177.09 266.89190.89 216.79 284.91 384.72327.01313.05 393.73253.99237.26 340.06 484.24437.22412.99 471.72 495.28369.85 445.30359.63

4-BrPhI-2 #4382 RT: 16.90 AV: 1 SB: 98 17.25-17.58 NL: 1.05E6

T: {0,0}  + c EI Full ms [40.00-500.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

m/z
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144.03

75.05

74.04

125.06
94.02

143.0669.04 351.8050.02 93.02
99.04 145.04 222.9268.02

76.10 118.03 207.03 225.85149.06133.16 174.98 352.89330.93191.62 281.06 293.10249.18 316.31265.12 396.09 473.56 488.58378.06 450.52403.97 430.82

4-BrPhI-2 #4405 RT: 16.98 AV: 1 SB: 82 17.22-17.50 NL: 1.17E6

T: {0,0}  + c EI Full ms [40.00-500.00]

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

m/z
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e
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e

75.05 144.04

74.04

125.04
94.03

69.04 143.02 349.79
50.01

93.02 99.03 224.93126.9868.05 145.03123.0380.08 135.50 207.03175.97 352.87225.88 330.75191.02 280.76272.03254.09 293.00 489.66315.66 380.47 411.87 427.01398.59 434.23 454.10 482.46
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Compound 21o-m:  

19
F NMR 

 

 

GC-MS 

F:\DATA\...\CF3 of p-nitrotoluene\F-2095 6/23/2014 4:43:46 PM

RT: 2.00 - 6.00
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RT: 2.36

AA: 59646368

RT: 3.51

AA: 49356816
RT: 3.72

AA: 42731540

RT: 3.31

AA: 9972826 RT: 4.86

AA: 2301145
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NMR Spectra for Preliminary Mechanistic Studies: 

1. Kinetic Isotope Effect experiments with benzene and d6-benzene: 

time = 3 h: 

1
H NMR 

 
19

F NMR 
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time = 10 h: 

1
H NMR 

 

 

19
F NMR 

 

 


