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ABSTRACT: The first example of the 3-position-selective C(sp2)–H trifluoromethylation of pyridine rings was established. 3-Posi-

tion-selective trifluoromethylation was achieved by the nucleophilic activation of pyridine and quinoline derivatives through hy-

drosilylation and successive electrophilic trifluoromethylation of the enamine intermediate. This reaction was applicable to per-

fluoroalkylation at the 3-position of the pyridine rings and late-stage trifluoromethylation of a bioactive molecule. Mechanistic 

studies indicated that the reaction proceeds via the formation of N-silyl enamine and trifluoromethylated enamine intermediates. 

Fluorine-containing functional groups, such as trifluorome-

thyl groups, play important roles in the production of drugs, ag-

rochemicals, and organic functional materials because the intro-

duction of fluorine atoms into organic compounds can improve 

the hydrophobicity and metabolic stability of organic molecules. 

Because organofluorine compounds rarely exist in nature, the 

development of effective methods to introduce fluorine-contain-

ing functional groups into organic compounds is an important 

research topic in organic chemistry. Regioselective C(sp2)–H 

trifluoromethylation is an efficient method for the synthesis of 

organofluorine compounds.1 Although trifluoromethyl radical is 

generally employed in conventional C(sp2)–H trifluoromethyla-

tion,2 it is difficult to control the regioselectivity because of its 

high reactivity. For instance, the reaction of pyridine with the 

trifluoromethyl radical gave a mixture of 2-, 3-, and 4-trifluoro-

methylated products.3 

The regioselective transformations of pyridine rings have 

been intensively investigated.4 Pyridines are electron-deficient 

aromatics that react with nucleophiles at the C25,6 and C47 posi-

tions of pyridine rings. Based on their reactivity, we developed 

2- and 4-position-selective trifluoromethylation of pyridines 

and their related compounds using a nucleophilic trifluorometh-

ylation reagent (CF3 anion source) with mild reactivity.8,9 The 

2-position-selective trifluoromethylation was achieved by the 

introduction of a strong electron-withdrawing group on the ni-

trogen atom of the pyridine rings.8 We succeeded in developing 

steric repulsion-controlled 4-position-selective trifluoromethyl-

ation based on the electrophilic activation of pyridines using a 

bulky Lewis acid.9 However, these methods do not apply to tri-

fluoromethylation at the C3 position of pyridine derivatives. 

Although this position is a potential reaction site with the CF3 

cation, such a reaction does not proceed under mild conditions 

because of the electron deficiency of the pyridine rings. Instead, 

conventional transformations at this position based on electro-

philic aromatic substitutions require harsh conditions.4 

Scheme 1. Synthetic Methods of 3-(Trifluoromethyl)pyr-

idines 

 

 
 

Several synthetic methods for the preparation of 3-trifluoro-

methyl pyridine derivatives have been reported (Scheme 1). The 



 

trifluoromethylation of aryl halide or boronic acid with stoichi-

ometric10 or catalytic11 amounts of copper salts has been devel-

oped, and these methods were used to synthesize 3-trifluorome-

thyl pyridines (Scheme 1A). Grushin et al. reported a 

Sandmeyer-type reaction of aniline derivatives via diazonium 

salts (Scheme 1A).12 Because these reactions require function-

alized substrates, the direct transformation of C(sp2)–H bonds is 

highly desirable. To the best of our knowledge, the sole example 

of such a reaction was reported by Yu et al. (Scheme 1B).13 They 

introduced a directing group at the 4-position of the pyridine, 

and C–H trifluoromethylation occurred at the ortho-position 

(formal 3-position) instead. The reaction afforded a mixture of 

mono- and di-trifluoromethylated products and the directing 

group limited the structure of the substrates. Herein, we report 

the first 3-position-selective trifluoromethylation of pyridine 

rings based on nucleophilic activation.14 To do so, we focused 

on hydrosilylation for the nucleophilic activation of the pyridine 

rings (Scheme 1C).  

Quinoline (1a, 2.5 equiv) was reacted with methylphen-

ylsilane (2.0 equiv) in the presence of tris(pentafluoro-

phenyl)borane (10 mol%) in CHCl3 at 25 °C for 5 h (Table 1, 

entry 1). Togni reagent I (2a) was added to the reaction mixture 

at 0 °C, and the resulting mixture was stirred at 25 °C for 16 h. 

The reaction mixture was then treated with 2,3-dichloro-5,6-di-

cyano-1,4-benzoquinone (DDQ, 2.0 equiv) to develop 

 

Table 1. Screening of Solvents and Temperatures 

 

 

entry 

 

solvent 

 

CF3 source 

 

T1 

(°C) 

 

T2 

(°C) 

yield of 

3a (%)a 

1 CHCl3 2a   65 0 to 25 57 

2 toluene 2a 110 0 to 25 40 

3 1,2-DCE 2a   65 0 to 25 76 

4 1,2-DCE 2b   65 0 to 25 46 

5 1,2-DCE 2c   65 0 to 25   6 

6 1,2-DCE 2d   65 0 to 25 <5 

 7b 1,2-DCE/ 

DMSO 

2d   65 0 to 25 24 

8 1,2-DCE 2a   65  25 67 

9 1,2-DCE 2a   65 -20 73 

      

 
 

a19F NMR yield. bTrifluoromethylation and oxidation steps were carried out 
in a mixed solvent (1,2-DCE : DMSO = 2:1). 

 

3-trifluoromethylquinoline (3a) in 59% yield (Table 1, entry 1). 

Although the full conversion of hydrosilylation of 1a in toluene 

required 110 °C, the yield of 3a decreased (entry 2). 1,2-Dichlo-

roethane (1,2-DCE) was selected as the solvent, and 3a was ob-

tained in 76% yield (entry 3). The use of Togni reagent II (2b) 

instead of 2a resulted in the formation of 3a in 46% yield (entry 

4). However, Umemoto reagents I (2c) and II (2d) were unsuit-

able (entries 5 and 6). We considered that the low solubility of 

Umemoto reagents 2c and 2d in 1,2-DCE resulted in the use of 

dimethyl sulfoxide as a co-solvent (entry 7). Although the effi-

ciency of the reaction was improved, the yield was lower than 

those of Togni reagents 2a and 2b. The addition of 2a without 

cooling resulted in a slight decrease in the yield, while a lower 

temperature did not improve the yield of 3a (entries 8 and 9). 

Under the optimized conditions, various substrates were 

subjected to trifluoromethylation (Scheme 2). 3-Trifluoro-

methyl quinoline (3a) was obtained in 76% yield. The reac-

tions of substrates 1b-1d bearing aryl ether, silyl ether, or 

pivalate produced the corresponding products 3b–3d in good 

yields. Arylsilane 1e was tolerated, giving the 3-trifluoro-

methylated product 3e in 66% yield. This reaction was ap-

plicable to a variety of substrates with functional groups. 

Carbon–halogen bonds were tolerated under the reaction 

conditions, yielding a moderate to good amount of the de-

sired products 3f–3k without loss of halogen atoms. Despite 

steric hindrance, 2-phenyl quinoline (1l) was also success-

fully converted to the desired product 3l in 49% yield. 4-Po-

sition-substituted substrates were converted to the corre-

sponding 3-trifluoromethylated products to avoid steric hin-

drance. 4-Phenylquinoline (1m) was reacted with hy-

drosilane at 50 °C for 7 h, and the resulting mixture was 

treated with 2a to obtain the desired product 3m in 38% yield. 

The reaction of 4-phenoxyquinoline (1n) proceeded under 

standard reaction conditions, and the 3-trifluoromethylated 

product 3n was obtained in 61% yield. 3-Trifluoromethyl 

benzo[f]quinoline 3o was obtained in moderate yield. In the 

case of isoquinoline (1p), hydrosilylation was carried out at 

110 °C for 16 h in chloroform, and the resulting mixture was 

reacted with 2a to obtain the corresponding product 3p in 

34% yield. In these cases, the formation of 1,2-dihydroquin-

oline was confirmed by 1H NMR measurements of the reac-

tion mixture (for details, see Supporting Information). The 

reaction of 3-phenylpyridine (1q) afforded the correspond-

ing product 3q in moderate yields. 8-Methylquinoline did 

not produce the desired 3-trifluoromethylated product be-

cause hydrosilylation did not proceed, probably because of 

steric hindrance. 

 

 

 

 

 

 

 

 

 



 

Scheme 2. 3-Position-Selective C(sp2)–H Trifluoromethyla-

tion of Quinoline and Pyridine Derivatives 

  
a19F NMR yield.  bHydrosilylation: 25 °C, 24 h. cHydrosilylation: 50 °C, 7 

h. dCHCl3 instead of 1,2-DCE, hydrosilylation: 110 °C, 24 h. eH2SiMePh 

(2.5 equiv), 1q (2.0 equiv), 85 °C, 40 h; 2a (1.0 equiv), -20 °C, 16 h. 

 

This method can be applied for the introduction of per-

fluoroalkyl groups at the 3-position of the pyridine ring 

(Scheme 3). 6-Bromo-3-pentafluoroethylquinoline (4) and 

6-bromo-3-heptafluoropropylquinoline (5) were obtained in 

72% and 69% yields, respectively. 

Late-stage trifluoromethylation of the bioactive molecule 

was successful (Scheme 4). In this study, we focused on the 

trifluoromethylation of quinoxyfen (6), an agrochemical. 

The reaction of 6 afforded 3-trifluoromethyl quinoxyfen 7 in 

60% yield (Scheme 4). 
 

 

 

 

Scheme 3. Perfluoroalkylation of 6-Bromoquinoline 1h 

 
 
Scheme 4. Trifluoromethylation of Quinoxyfen (6) 

 
 

To reveal the reaction mechanism, the reaction system 

was monitored using 1H NMR spectroscopy (Scheme 5A). 

The reaction of 1a with methylphenylsilane in the presence 

of tris(pentafluorophenyl)borane (5.0 mol%) at 65 °C for 5 

h in CDCl3 resulted in the formation of N-silyl enamine in-

termediate A, which was observed by 1H NMR analysis (for 

more detail, see Supporting Information). 2a was added to 

the resulting mixture at 0 °C, and the mixture was stirred at 

25 °C for 16 h. 1H and 19F NMR measurements indicated the 

formation of 3-trifluoromethylated 1,4-dihydroquinoline B, 

which might be formed via isomerization of 3-trifluorometh-

ylated 3,4-dihydroquinoline (for details, see Supporting In-

formation). The oxidation of intermediate B with DDQ pro-

duced 3a in 22% yield as the sole regioisomer. We then in-

vestigated the isolation of the byproduct silyl ether (Scheme 

5B). The mixture of 1a with diphenylsilane in the presence 

of tris(pentafluorophenyl)borane (5.0 mol%) was heated at 

65 °C for 5 h in 1,2-DCE.15 2a was added to the resulting 

mixture at 0 ºC and stirred at 25 ºC for 16 h. The reaction 

mixture was purified by column chromatography on silica 

gel to obtain the corresponding silyl ether C in 38% yield. 
 

 

 

 

 

 

 



 

Scheme 5. Mechanistic Studies 

 

 

The plausible reaction mechanism is illustrated in Scheme 

6. Hydrosilane was activated by tris(pentafluorophenyl)bo-

rane and behaved as the equivalent of the silyl cation and 

hydride.16 Pyridine derivatives 1 reacted with the activated 

hydrosilane to form N-silylenamine A accompanied by the 

regeneration of the borane catalyst. Intermediate A reacted 

with 2a, and the silyl group on the nitrogen atom transferred 

to the oxygen atom of the alkoxide derived from 2a. The tri-

fluoromethylated intermediate isomerized to intermediate B. 

Oxidation of intermediate B resulted in the 3-trifluorometh-

ylated product 3. 

 
Scheme 6. Plausible Mechanism 

 

In summary, we developed a 3-position-selective trifluo-

romethylation of pyridine rings based on nucleophilic acti-

vation via hydrosilylation. A variety of 6-membered het-

eroaromatic compounds, such as quinolines, benzoquinoline, 

isoquinoline, and pyridine, were converted to their corre-

sponding trifluoromethylated products. The reaction pro-

ceeded with high regioselectivity, and 3-position trifluoro-

methylated products were obtained as the sole regioisomer. 

Carbon–halogen bonds, esters, aryl ethers, and silyl ethers 

were tolerated under the reaction conditions. The reaction 

was applicable to perfluoroalkylation at the 3-position of the 

pyridine rings and late-stage trifluoromethylation of the bio-

active molecule quinoxyfen. Mechanistic studies revealed 

that the reaction proceeds via the formation of N-silyl 

enamine and 1,4-dihydroquinoline intermediates. We hope 

that this study will provide significant insights into the 3-

position-selective transformation of pyridine rings. 
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