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Synthesis of α-trifluoromethyl piperidine derivatives from tetrahydropyridines via nucleophilic trifluoromethylation of pyridinium cations

The synthesis of α-trifluoromethyl piperidines from tetrahydropyridine derivatives in three steps (the oxidation into the corresponding pyridinium, the nucleophilic trifluoromethylation and then, the hydrogenation) is described. The trifluoromethylation step occurs at the less hindered side of the pyridinium intermediate, with moderate-to-high regioselectivity. The method was also successfully applied to the direct trifluoromethylation of one piperidine derivative.

Introduction

Heterocyclic cores are known to play an important role in the design and synthesis of bioactive compounds due to their biological activities [START_REF] Kalaria | A review on diverse heterocyclic compounds as the privileged scaffolds in antimalarial drug discovery[END_REF][START_REF] Hossain | A Review on Heterocyclic: Synthesis and Their Application in Medicinal Chemistry of Imidazole Moiety[END_REF][START_REF] Martins | Heterocyclic Anticancer Compounds: Recent Advances and the Paradigm Shift towards the Use of Nanomedicine's Tool Box[END_REF]. Piperidine derivatives are one of the most encountered six-membered N-containing heterocycles in natural products and synthetically active derivatives. They have shown a wide variety of biological activities like antibacterial [START_REF] Umamatheswari | Synthesis, antimicrobial evaluation and QSAR studies of novel piperidin-4-yl-5-spiro-thiadiazoline derivatives[END_REF][START_REF] Ramalingan | Synthesis, stereochemistry, and antimicrobial evaluation of substituted piperidin-4-one oxime ethers[END_REF], antifungal [START_REF] Jayabharathi | Synthesis, stereochemistry and antimicrobial evaluation of t(3)-benzyl-r(2),c(6)diarylpiperidin-4-one and its derivatives[END_REF][START_REF] Aridoss | Synthesis, stereochemistry and antimicrobial evaluation of some N-morpholinoacetyl-2,6diarylpiperidin-4-ones[END_REF], antiviral [START_REF] Imamura | CCR5 antagonists as anti-HIV-1 agents. Part 2: Synthesis and biological evaluation of N-[3-(4benzylpiperidin-1-yl)propyl]-N,N'-diphenylureas[END_REF][START_REF] Dorn | Antagonists of the human CCR5 receptor as anti-HIV-1 agents. Part 1: Discovery and initial structure-activity relationships for 1-amino-2-phenyl-4-(piperidin-1-yl)butanes[END_REF], anticancer [START_REF] Goel | Recent advancement of piperidine moiety in treatment of cancer-A review[END_REF], analgesic [START_REF] Ansari | Synthesis, Pharmacological Evaluation and In-Silico Studies of Some Piperidine Derivatives as Potent Analgesic Agents[END_REF][START_REF] Trapella | Structure-activity studies on the nociceptin/orphanin FQ receptor antagonist 1-benzyl-N-{3-[spiroisobenzofuran-1(3H),4′-piperidin-1-yl]propyl} pyrrolidine-2-carboxamide[END_REF], antidepressant [START_REF] Zheng | Synthesis and antidepressant activity of arylalkanol-piperidine derivatives as triple reuptake inhibitors[END_REF], antituberculosis agents [START_REF] Aridoss | A facile synthesis, antibacterial, and antitubercular studies of some piperidin-4-one and tetrahydropyridine derivatives[END_REF][START_REF] Sunduru | Discovery of new 1,3,5-triazine scaffolds with potent activity against Mycobacterium tuberculosis H37Rv[END_REF]. Consequently, the synthesis and functionalization of piperidine derivatives have gained increased interest in recent years [START_REF] Girling | Mannich-Michael versus formal aza-Diels-Alder approaches to piperidine derivatives[END_REF][START_REF] Tao | A Facile Access to Piperidine Derivatives via Copper(I)-Catalyzed 1,3-Dipolar [6+3] Cycloadditions of Azomethine Ylides with Fulvenes[END_REF][START_REF] Zeng | Design and synthesis of piperidine derivatives as novel human heat shock protein 70 inhibitors for the treatment of drug-resistant tumors[END_REF][START_REF] Fu | Novel piperidine derivatives as colchicine binding site inhibitors induce apoptosis and inhibit epithelial-mesenchymal transition against prostate cancer PC3 cells[END_REF][START_REF] Liu | Chapter Two-Recent Advances in the Synthesis of Piperidines: Functionalization of Preexisting Ring Systems[END_REF].

With regard to functionalization of organic compounds, there is a great interest in the introduction of fluorinated substituents [START_REF] Liang | Introduction of Fluorine and Fluorine-Containing Functional Groups[END_REF], and many methodologies have notably been described for the trifluoromethylation of different organic structures [START_REF] Liu | Trifluoromethyltrimethylsilane: Nucleophilic Trifluoromethylation and Beyond[END_REF][START_REF] Charpentier | Electrophilic Trifluoromethylation by Use of Hypervalent Iodine Reagents[END_REF][START_REF] Li | Progress in copper-catalyzed trifluoromethylation[END_REF][START_REF] Bhaskaran | Progress in Electrochemical Trifluoromethylation Reactions[END_REF][START_REF] Pan | Recent advances in photoinduced trifluoromethylation and difluoroalkylation[END_REF][START_REF] Zhang | Recent advances in trifluoromethylation of organic compounds using Umemoto's reagents[END_REF][START_REF] Song | Research progress on trifluoromethyl-based radical reaction process[END_REF][START_REF] Ma | Strategies for nucleophilic, electrophilic, and radical trifluoromethylations[END_REF]. Indeed, the presence of a trifluoromethyl group increases the lipophilicity, bioavailability and the metabolic stability of the molecule, features that have a large impact in pharmaceuticals [START_REF] Müller | Fluorine in Pharmaceuticals: Looking Beyond Intuition[END_REF][START_REF] Purser | Fluorine in medicinal chemistry[END_REF] and agrochemicals [START_REF] Maienfisch | The Importance of Fluorine in the Life Science Industry[END_REF][START_REF] Jeschke | The Unique Role of Fluorine in the Design of Active Ingredients for Modern Crop Protection[END_REF]. In addition, trifluoromethylated compounds are also important in materials industry [START_REF] Wang | Synthesis and properties of trifluoromethyl groups containing epoxy resins cured with amine for low Dk materials[END_REF][START_REF] Du | Polymers of Intrinsic Microporosity Containing Trifluoromethyl and Phenylsulfone Groups as Materials for Membrane Gas Separation[END_REF][START_REF] Yao | Fluorination of a polymer donor through the trifluoromethyl group for highperformance polymer solar cells[END_REF].

In this context, α-trifluoromethyl amines have become important cores in synthesis due to their biological activities [START_REF] Grunewald | Inhibitors of phenylethanolamine N-methyltransferase devoid of α2-adrenoceptor affinity[END_REF][START_REF] Léger | Primary amides as selective inhibitors of cathepsin K[END_REF][START_REF] Sani | The Trifluoroethylamine Function as Peptide Bond Replacement[END_REF]. In particular, different methodologies have been reported

for the synthesis of α-trifluoromethyl piperidine derivatives, mostly based on the use of CF3-containing building blocks [START_REF] Albrecht | Modulators of methyl modifying enzymes, compositions and uses thereof[END_REF][START_REF] Tolmachova | Catalytic Hydrogenation of 3-Amino-6-(trifluoromethyl)-5,6dihydropyridin-2(1H)-ones and Its Use in the Synthesis of Trifluoromethyl-Containing Mimetics of Ornithine and Thalidomide[END_REF][START_REF] Shevchenko | The reaction of cyclic imines with the Ruppert-Prakash reagent. Facile approach to αtrifluoromethylated nornicotine, anabazine, and homoanabazine[END_REF][START_REF] Rioton | Stereoselective Rearrangement of (Trifluoromethyl)prolinols to Enantioenriched 3-Substituted 2-(Trifluoromethyl)piperidines[END_REF][START_REF] Gille | Synthesis of α-Trifluoromethylated Nitrogen Heterocycles[END_REF][START_REF] Osipov | Synthesis of Fluorine-Containing Cyclic α-Amino Acid and α-Amino Phosphonate Derivatives by Alkene Metathesis[END_REF][START_REF] Magueur | A One-Pot Synthesis of Doubly Unsaturated Trifluoromethyl Amines:Easy Access to CF3-Substituted Piperidines[END_REF][START_REF] Kobel"kova | Aza Diels-Alder reactions of methyl trifluoropyruvate sulfonyl-and phosphorylimines with 1,3-dienes[END_REF][START_REF] Li | Per(poly)fluoroalkanesulfinamides assisted diastereoselective three-component inverse-electron-demand aza Diels-Alder reaction[END_REF][START_REF] Dobbs | Rapid access to CF3-containing heterocycles[END_REF]. A more straightforward synthetic method would be the direct trifluoromethylation of piperidine derivatives, which would be applicable to the late-stage functionalization of relevant heterocycles. However, it is important to mention that such direct trifluoromethylation has only been reported for tetrahydroisoquinolines (Scheme 1a), which have an activated carbon in benzylic position [START_REF] Mitsudera | Copper-catalyzed oxidative trifluoromethylation of benzylic sp3 C-H bond adjacent to nitrogen in amines[END_REF][START_REF] Chu | Benzoyl peroxide (BPO)-promoted oxidative trifluoromethylation of tertiary amines with trimethyl(trifluoromethyl)silane[END_REF][START_REF] Fu | Selective trifluoromethylation and alkynylation of tetrahydroisoquinolines using visible light irradiation by Rose Bengal[END_REF]. To the best of our knowledge, there are no reports on the direct α-trifluoromethylation of tetrahydropyridine or piperidine derivatives.

We report herein the synthesis of α-trifluoromethyl piperidines from 2-substituted tetrahydropyridines, in three steps, the oxidation of the tetrahydropyridine to its corresponding pyridinium, followed by nucleophilic trifluoromethylation and hydrogenation of the resulting α-trifluoromethyl dihydropyridines (Scheme 1b). Scheme 1. Direct trifluoromethylation of N-containing six-membered heterocycles.

Results and discussion

We focused our attention on the direct α-trifluoromethylation of 2-substituted tetrahydropyridines. Indeed, our group has recently gained some expertise in the synthesis of such substrates by aza-silyl Prins cyclization, including under flow conditions [START_REF] Colin | Toward Pyridine-Heterocycle Patterns through Prins and Aza-Prins Cyclisations: Application to a Short Synthesis of (±)-Anabasine[END_REF][START_REF] Talavera-Aleman | Synthesis of Nitrogen-and Oxygen-Containing Heterocycles by Prins Cyclization in Continuous Flow[END_REF].

Tetrahydropyridine 1a was chosen as model substrate. Different conditions were tested, particularly by changing the oxidant, the additive, and the solvent (Table 1). Photoredox conditions using an iridium catalyst or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) as oxidant in CH2Cl2, gave only traces of fluorinated products (entries 1 and 2). The addition of 10 mol% of CuI to DDQ in DMF or the use of (diacetoxyiodo)benzene (PIDA) in CH2Cl2 did not work, and only the starting material 1a was recovered (entries 3 and 4).

With oxone as oxidant the conversion of 1a was complete, but no signal for fluorinated products was observed by 19 F NMR (entry 5). To our delight, a change in the oxidant for benzoyl peroxide (BPO) gave a mixture of two products in 37% NMR yield, in proportion (2:1) (entry 6). Interestingly, the NMR analysis of the mixture obtained were in favour of the mixture of the isomeric 1,2-dihydropyridines 2a and 3a. No trace of the αtrifluoromethyl tetrahydropyridines was observed. The formation of the products was possibly due to the overoxidation of the tetrahydropyridine core to the corresponding pyridinium salt as intermediate, followed by its regioselective nucleophilic trifluoromethylation. It is important to mention that the 1,4-dihydropyridine isomer was not observed. Once identifying the products of the reaction, we tested different conditions in order to improve the yield (entries 7-10). An increment of BPO to 2.3 equivalents, and 1.5 hour of reaction gave a better conversion of 68% in similar proportion (2a:3a = 1.9:1, entry 7). Using tetrabutylammonium difluorotriphenylsilicate (TBAT) instead of KF as base, produced a low yield of 7% (entry 8). Then, the one-pot trifluoromethylation in two steps, namely the oxidation followed by addition of TMCF3, gave a good increment in the NMR yield to 75% in proportion (2a:3a = 2.4:1; entry 9). Finally, in order to avoid the excess of salts in the reaction medium, we decided to perform a filtration over aluminum oxide between the oxidation step and the trifluoromethylation step. Using this two-step procedure, the yield of dihydropyridines 2a and 3a was quantitative and in favor of the first one (2a:3a = 2.3:1; entry 10). Different solvents like 1,2-dichloroethane, chloroform, DMF, acetonitrile, were assayed, obtaining always lower yields. The mixture of dihydropyridines 2a and 3a was isolated in 82% overall yield, in proportion (68:32). Their separation (2a = 40%; 3a = 20%) has been possible by column chromatography with 15% silver nitrate in silica gel. However, both of them showed a fast degradation probably due to the conditions used, like acidic solvents, light or even contact with air. In particular, we have been unable to perform a complete analysis of 3a. In order to obtain more stable compounds, we decided to study the in situ hydrogenation of the crude mixture of the trifluoromethylation reaction. The use of platinum oxide (PtO2) under H2 atmosphere gave the corresponding cis-2,6-disubstituted and 2,2-disubstituted piperidines 4a and 5a in almost quantitative NMR yield (94%, 4a:5a = 71:29) (Scheme 2).

Their purification was carried out by flash column chromatography, to obtain a good combined yield of 52% (4a:5a = 67:33). Complete analyses of these two derivatives have been done, and are in favor of the confirmation of structures of the parent compounds 2a and 3a.

Scheme 2. Synthesis of α-trifluoromethyl piperidines 4a and 5a. The reaction could also be performed on a 0.4 mmol scale, with slightly lower NMR yield (80%).

With the optimized conditions for the synthesis of α-trifluoromethyl piperidines, we tested different tetrahydropyridines 1b-1e, bearing various substituents in C-2 as well as different protecting groups (Table 2). The 2,6-disubstituted piperidine 4b-e was always the main regioisomer in each reaction, and the best results were obtained for N-phenyl protected tetrahydropyridines. When the reaction was carried out with substrate 1b having a butyl group at C-2, the mixture of piperidines 4b:5b were isolated in a good yield of 58% in proportion 81:19. Interestingly, tetrahydropyridine 1c having a bulkier cyclohexl group at C-2 afforded only one trifluoromethylated isomer (the cis-2,6-disubstituted product 4c in 53% isolated yield), and the 2,2-disubstituted isomer 5c was not observed, probably due to steric hindrance. In the reaction with a benzyl substituent at C-2, we observed an NMR yield of 54% (4d:5d 76:24), but after the purification, only 4d could be isolated in 20% yield. Similarly, N-Hexyl protected tetrahydropyridine 1e gave a lower NMR yield of 35%

for the mixture of piperidines 4e:5e (86:14), from which only the 2,6-disubstituted compound 4e could be isolated in 21% yield. Finally, when the reaction was carried out with the N-benzyl protected tetrahydropyridine 1f, a complex crude mixture was obtained, and no product could be isolated.

Table 2. Scope of the method for the synthesis of α-trifluoromethyl piperidines

In order to expand the applicability of our methodology, we decided to investigate the trifluoromethylation of a piperidine derivative. Thus, piperidine 6 was treated under our oxidative trifluoromethylative conditions, and we were pleased to see that a 2:1 mixture of dihydropyridines 2a and 3a was obtained in 45% NMR yield (Scheme 3). To confirm the mechanism, we decided to isolate the pyridinium cation. Then, the oxidation step of tetrahydropyridine 1a was carried out according to the described conditions, and after its purification we isolated two main products, which corresponded to the pyridinium cation with two different counterions, namely the tetrafluoroboride anion (BF4 -) 7a and the chloride anion (Cl -) 8a (presumably coming from the solvent, Scheme 5).

It is important to mention that the synthesis of pyridinium salts is reported mainly from pyridine derivatives [START_REF] Madaan | Quaternary pyridinium salts: a review[END_REF][START_REF] Sowmiah | Pyridinium salts: from synthesis to reactivity and applications[END_REF], and they are important reagents in organic synthesis [START_REF] Rössler | Pyridinium Salts as Redox-Active Functional Group Transfer Reagents[END_REF][START_REF] He | Recent Advances in Pyridinium Salts as Radical Reservoirs in Organic Synthesis[END_REF][START_REF] Dobbs | The Aza-Silyl-Prins Reaction: A Novel Method for the Synthesis of Trans-2,6-Tetrahydropyridines[END_REF].

The mixture of pyridiniums 7a and 8a, were then subjected to the trifluoromethylation conditions, and the mixture of tetrahydropyridines 2a and 3a was obtained in an analogous manner to the one-pot procedure of Table 1 (quantitative NMR yield in proportion 2.3:1).

Scheme 5. Synthesis of pyridinium ions from tetrahydropyridine 1a.

Finally, pyridinium 7a was treated with HCl, and after 24 hours we obtained a mixture 1:1 of 7a:8a, demonstrating that the counter ion in 8a was the chloride anion.

Conclusion

In conclusion we have developed a methodology for the synthesis of 2-trifluoromethyl piperidines from tetrahydropyridine derivatives. This synthesis was performed in three steps, via a pyridinium cation as intermediate. The main product in all cases was the 2trifluoromethyl-6-disubstituted piperidine. Reaction with a tetrahydropyridine bearing a branched substituent at C-2 such as cyclohexane gave the corresponding 2-trifluoromethyl-6-disubstituted piperidine with complete regioselectivity.

Experimental part

DCM was distilled over calcium hydride and stored with calcium chloride under Ar. 1 H NMR spectra were recorded in a Bruker AV-I 300 MHz spectrometer at 298 K, and were calibrated using residual CHCl3 (δ = 7.26 ppm) or acetone (δ = 2.05). 13 C NMR spectra were recorded with a Bruker Avance 300 spectrometer at 75 MHz and 298 K, and were calibrated using CDCl3 (δ = 77.16 ppm) or acetone (δ = 29.84). 19 Fluorochem and were used as received unless otherwise stated. Tetrahydropyridines 1a-f were synthesized according with previous reports [START_REF] Talavera-Aleman | Synthesis of Nitrogen-and Oxygen-Containing Heterocycles by Prins Cyclization in Continuous Flow[END_REF][START_REF] He | Recent Advances in Pyridinium Salts as Radical Reservoirs in Organic Synthesis[END_REF].

Synthesis of dihydropyridines 2a and 3a

Tetrahydropyridine 1a (0.3 mmol, 1 equiv) was added to a mixture of BPO (0.72 mmol, 2.4 equiv) and NaBF4 (0.9 mmol, 3 equiv) in CH2Cl2 (2 mL, 0.1mM) in a bath of ice, then the resulting mixture was stirred at 45 °C for 1 h, once the reaction finished, the crude was filtered over a path of aluminum oxide with CH2Cl2 (10 mL) and CH2Cl2-MeOH (5:1, 20 mL), the solvent of this second fraction was evaporated. The resulting crude was dissolved in CH2Cl2 (3 mL, 0.1 mM) and KF (0.9 mmol, 3 equiv) and TMSCF3 (0.9 mmol, 3 equiv) were added. The mixture was stirred until complete consumption of the pyridiniums (followed by TLC), to obtain a quantitative NMR yield, in proportion (7:3; 2a:3a). The solvent was evaporated and the crude filtered over a path of aluminum oxide with 20 ml of a pentane-diethyl ether mixture (49:1) to obtain the pure mixture of dihydropyridines 2a and 3a in 82% yield (2.1:1). This mixture was purified by column chromatography with 15% silver nitrate in silica gel (w/w) and a mixture of pentane-acetone (99:1) as eluent.

The reaction could also be carried out on a 0.6 mmol scale with a slightly lower yield (43%, 85 mg of isolated product). 

6-phenethyl-

General procedure for the synthesis of trifluoromethyl piperidines:

Tetrahydropydridines 1a-f (0.2 mmol, 1 equiv), were treated according with the procedure for the synthesis of dihydropyridines. Once the reaction finished, PtO2 (15 mol-%) and MeOH (2 mL) were added and the mixture was stirred under H2 atmosphere, after the reaction finished (followed by 19 F NMR), the crude was filtered over a path of celite, the solvent evaporated and the crude purified by flash column chromatography.

Cis-2-phenethyl-1-phenyl-6-(trifluoromethyl)piperidine (4a)

Prepared from tetrahydropyridine 1a by the general procedure, the hydrogenation was carried out under 7 bar of pressure in 24 hours. Purified by flash column chromatography with the mixture pentane-CH2Cl2 (250:1) as colorless oil (23 mg; 35%). 

2-phenethyl-1-phenyl-2-(trifluoromethyl)piperidine (5a)

Prepared from tetrahydropyridine 1a by the general procedure, the hydrogenation was carried out under 7 bar of pressure in 24 hours. Purified by flash column chromatography with the mixture pentane-CH2Cl2 (500:1) as colorless oil (11 mg; 17%). 1 H NMR (300 MHz, Acetone-d6) δ 7.31-7.15 (m, 6H), 7.15-6.98 (m, 4H), 3.9 (brs, 1H), 3.05 (d, J = 12.1 Hz, 1H), 2.74 (td, J = 13.0, 2.8 Hz, 1H), 2.60 (td, J = 13.0, 5.5 Hz, 1H), 2.10 (d, J = 13.8

Hz, 1H), 1.99-1.61 (m, 7H). 13 

Cis-2-butyl-1-phenyl-6-(trifluoromethyl)piperidine (4b)

Prepared from tetrahydropyridine 1b by the general procedure, the hydrogenation was carried out in 48 hours with a balloon of hydrogen. Purified by flash column chromatography with the mixture pentane-CH2Cl2 (250:1) as colorless oil (24 mg; 42%). 13 C NMR (75 MHz, CDCl3) δ 149.9 (Cq), 129.3 (CH), 126.8 (q, J = 287.0 Hz, CF3), 120.0 (CH), 117.4 (CH), 55.7 (q, J = 28.6 Hz, CH), 55.3 (CH), 32.0 (CH2), 28.9 (CH2), 27.8 (CH2), 24.1 (CH2), 22.9 (CH2), 17.3 (CH2), 14.2 (CH3). 19 

Cis-2-cyclohexyl-1-phenyl-6-(trifluoromethyl)piperidine (4c)

Prepared from tetrahydropyridine 1c by the general procedure, but the trifluoromethylation reaction (second step) was performed in two hours, and the hydrogenation in 48 h under 7 bar of pressure. Isolated by flash column chromatography with a mixture pentane-CH2Cl2

(500:1), as colorless oil (33 mg, 53%). 1 H NMR (300 MHz, CDCl3) δ 7.33 (t, J = 7.5 Hz, 2H), 7.13 (d, J = 7.5 Hz, 2H), 7.01 (t, J = 7.5 Hz, 1H), 4.00-3.97 (m, 1H), 3.38 (d, J = 6.0 Hz, 1H), 2.0-1.43 (m, 12H), 1.17-1.12 (m, 2H), 0.95 (brs, 2H). 13 C NMR (75 MHz, CDCl3) δ 152.1(Cq), 129.1 (CH), 126.7 (q, J = 285.1 Hz, CF3), 121.5 (CH), 120.6 (CH), 61.4 (CH), [START_REF] He | Recent Advances in Pyridinium Salts as Radical Reservoirs in Organic Synthesis[END_REF].9 (q, J = 28.4 Hz, CH) 39.9 (CH), 30.9 (CH2), [START_REF] Ma | Strategies for nucleophilic, electrophilic, and radical trifluoromethylations[END_REF] 

1-hexyl-2-phenethyl-6-(trifluoromethyl)piperidine (4e)

Prepared from tetrahydropyridine 1e by the general procedure in which the first step (oxidation) was done in 18 h at 80 °C, the trifluoromethylation in 3 h and the hydrogenation in 18 h with a balloon of hydrogen. purified by flash column chromatography with the mixture pentane-CH2Cl2 (500:1) as colorless oil (14 mg; 21%). 

General procedure for the synthesis of pyridiniums 7 and 8

Tetrahydropyridine 1a (0.3 mmol) was added to a mixture of BPO (0.72 mmol) and NaBF4 (0.9 mmol) in CH2Cl2 (final volume of 3 mL) in a bath of ice, then the resulting mixture was stirred at 45 °C for 1 h, once the reaction finished, the solvent was evaporated and the crude was purified by column chromatography with aluminum oxide as support and mixtures CH2Cl2-MeOH as eluent. 

2-phenethyl-
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 3 Scheme 3. Direct trifluoromethylation of piperidine 6
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  NMR were recorded with a Bruker Avance 300 spectrometer at 282 MHz and CFCl3 (δ = 0.00 ppm) was used as reference.1 H NMR spectroscopic data are reported as follows: chemical shift δ [ppm] (multiplicity, coupling constant [Hz], integration). Multiplicities are reported as follows: s = singlet, brs = broad singlet, d = doublet, dd = doublet of doublets, t = triplet, dt = doublet of triplets, m = multiplet. High-resolution mass spectra (HRMS) were obtained with a Waters Xevo QTOF instrument with an electrospray ionisation source (ESI+), using enkephaline leucine as internal calibrant. Benzoyl peroxide was purified by dissolving in chloroform and precipitating with MeOH, and drying it in vacuum at room temperature, it was kept in the dark at 4 °C. Reagents were purchased from Sigma-Aldrich, Alfa Aesar, or

Table 1 .

 1 Screening for trifluoromethylation of tetrahydropyridine 1a

	Entry	Conditions	Time	NMR yield a %
			(h)	(2a:3a)
	1 b,c	[Ir{dFCF3ppy}2(bpy)]PF6 (5 mol-%), white light 15	Traces
	2	DDQ (2 equiv)	3	Traces
	3 c,d	DDQ (2 equiv), CuI (10 mol-%)	24	0
	4	PIDA (2 equiv)	3	0
	5 c	Oxone (2 equiv)	24	0
	6	BPO (2 equiv)	1	37 (2:1)
	7	BPO (2.3 equiv)	1.5	68 (1.9:1)
	8 e	BPO (2.3 equiv)	2.5	7
	9 f	BPO (2.4 equiv)	1	75 (2.4:1)
	10 g	BPO (2.4 equiv)	1	100 (2.3:1)
	a Measured by 19 F NMR analysis, with CF3OPh as internal reference. b MeCN as solvent. C Reaction carried
	out at RT. d DMF as solvent. e TBAT as base instead of KF. f Sequential addition of TMSCF3, RT, 1h. g
	NaBF4 as additive in the oxidation, then filtration, and trifluoromethylation of the crude with TMSCF3, KF,
	RT, 1h.			

1-phenylpyridin-1-ium tetrafluoroborate (7a):

  Isolated in fractionseluted with mixtures of CH2Cl2-MeOH (99:1 to 49:1), as brown oil, 76 mg (55%) Rf = 0.36 (CH2Cl2-MeOH, 10:1).1 H NMR (300 MHz, Acetone-d6) δ 9.06 (d, J = 6.2 Hz, 1H), 8.82 (t, J = 7.9 Hz, 1H), 8.49 (d, J = 8.1 Hz, 1H), 8.24 (t, J = 7.0 Hz, 1H), 7.86-7.71 (m, 5H), 7.26-7.15 (m, 3H), 7.06 (d, 7.1 Hz, 2H), 3.27 (dd, J = 9.6, 6.5 Hz, 2H), 3.07 (dd, J = 8.9, 6.5 Hz, 2H).13 C NMR (75 MHz, Acetone-d6) δ 159.6 (Cq), 148.0 (CH), 147.3 (CH), 141.9 (Cq), 140.3 (Cq), 132.3 (CH), 131.2 (CH), 130.2 (CH), 129.4 (CH), 129.3 (CH), 127.5 (CH), 127.0 (CH), 126.7 (CH), 36.2 (CH2), 35.0 (CH2). 19 F NMR (282 MHz, Acetone-d6) δ -150.26 (s), -150.31 (s). IR ATR: HRMS TOF ES + calcd. for C19H18N [M] + 260.1439; found 260.1434. H NMR (300 MHz, CDCl3) δ 8.92 (d, J = 6.1 Hz, 1H), 8.75 (t, J = 8.0 Hz, 1H), 8.39 (d, J = 8.4 Hz, 1H), 8.36 (t, J = 7.0 Hz, 1H), 7.67-7.55 (m, 3H), 7.37 (d, J = 7.5 Hz, 2H),7.18 (brs, 3H), 6.87 (brs, 2H), 3.24 (t, J = 7.6 Hz, 2H), 2.99 (t, J = 7.6 Hz, 2H).13 C NMR (75 MHz, CDCl3) δ 158.1 (Cq), 147.0 (CH), 146.3 (CH), 140.1 (Cq), 138.1 (Cq), 131.5 (CH), 130.4 (CH), 129.6 (CH), 128.7 (CH), 128.3 (CH), 126.9 (CH), 126.7 (CH), 125.5 (CH), 35.2 (CH2), 34.8 (CH2). IR ATR: HRMS TOF ES + calcd. for C19H18N [M] + 260.1439; found 260.1436.

4.3.2 2-phenethyl-1-phenylpyridin-1-ium chloride (8a): isolated in fractions eluted with

the mixture CH2Cl2-MeOH (47:3), as yellow oil, 45 mg (38%), Rf = 0.28 (DCM-MeOH, 10:1).
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