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Direct access to fluorinated sulfonylhydrazides and study of their reactivity in thiolation reaction on indoles
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A new family of fluorinated sulfonyl hydrazides has been easily prepared from accessible and cheap sulfinates and azodicarboxylates. In addition, trifluoromethylsulfonyl hydrazide (Tf(Boc)N-NHBoc) is an effective source of SCF3 in the sulfenylation of indoles.

Introduction

The significant presence of fluorinated groups on organic compounds offers wide applications in many fields (pharmaceuticals, agrochemicals, and materials). [START_REF] Bégué | Bioorganic and Medicinal Chemistry of Fluorine[END_REF][START_REF] Purser | Fluorine in medicinal chemistry[END_REF][START_REF] Ojima | Exploration of Fluorine Chemistry at the Multidisciplinary Interface of Chemistry and Biology[END_REF][START_REF] Gillis | Applications of Fluorine in Medicinal Chemistry[END_REF] Concerning bioactive molecules, fluorinated groups are often sought to improve their physicochemical properties (e.g. high lipophilicity, pKa decrease, conformation modification) as well as their metabolic stability.

Among the fluorinated groups, SCF3 has received significant attention for its strong electron-withdrawing ability and high lipophilicity. [START_REF] Leo | Partition coefficients and their uses[END_REF][START_REF] Xu | Synthetic Methods for Compounds Having CF3-S Units on Carbon by Trifluoromethylation, Trifluoromethylthiolation, Triflylation, and Related Reactions[END_REF][START_REF] Cahard | Emerging Fluorinated Motifs. Synthesis, Properties, and Application[END_REF] For example, Toltrazuril, Tiflorex and Cefazaflur, biologically active molecules CF3S-containing, have appeared. [START_REF] Xu | Synthetic Methods for Compounds Having CF3-S Units on Carbon by Trifluoromethylation, Trifluoromethylthiolation, Triflylation, and Related Reactions[END_REF] Recently among the reagents allowing trifluoromethylthiolation [START_REF] Lu | Transition metal-free direct trifluoromethylthiolation of indoles using trifluoromethanesulfonyl chloride in the presence of triphenylphosphine[END_REF][START_REF] Chachignon | Novel Use of CF3SO2Cl for the Metal-Free Electrophilic Trifluoromethylthiolation[END_REF][START_REF] Jiang | Direct Trifluoromethylthiolation and Perfluoroalkylthiolation of C(sp2)-H Bonds with CF3SO2Na and RfSO2Na[END_REF][START_REF] Yan | Metal-Free Difluoromethylthiolation, Trifluoromethylthiolation, and Perfluoroalkylthiolation with Sodium Difluoromethane-sulfinate, Sodium Trifluoromethanesulfinate or Sodium Perfluoro-alkanesulfinate[END_REF][START_REF] Bu | Transition-metal-free electrophilic trifluoromethylthiolation with sodium trifluoromethanesulfinate at room temperature[END_REF][START_REF] Zhao | Transition-Metal-Free Direct Trifluoromethylthiolation and Trifluoromethylsulfoxidation of Electron-Rich Aromatics with CF3SO2Na in the Presence of PCl3[END_REF][START_REF] Wang | Transition-metal-and phosphorus-free electrophilic trifluoromethylthiolation of indoles with sodium trifluoromethanesulfinates in ionic liquids[END_REF] , trifluoromethylsulfonyl hydrazide 1 (TfNHNHBoc) could achieve trifluoromethylthiolation of indoles in the presence of a copper catalyst in acetonitrile (scheme 1). [START_REF] Guo | TfNHNHBoc as a SCF3 source for the sulfenylation of indoles[END_REF][START_REF] Lu | Copper-catalyzed direct trifluoromethylthiolation of indoles by tert-butyl 2-((trifluoromethyl)sulfonyl)hydrazine-1-carboxylate[END_REF] However, hydrazide 1 was prepared from the corrosive triflic anhydride and Boc-NHNH2 at a very low temperature (-78°C) and was often obtained in moderate yield (scheme 1). [START_REF] Hendrickson | A mild oxidation of alkyl halides to aldehyde derivatives[END_REF] Scheme 1. Trifluoromethylthiolation of indoles from 1

During our studies on the synthesis of N-CF3 hydrazines, the side product 2a was observed. This compound was obtained after adding the Langlois' reagent (CF3SO2Na) on the tert-Bu azodicarboxylate 3a. [START_REF] Cao | Synthesis of N-CF3 hydrazines through radical trifluoromethylation of azodicarboxylates[END_REF] While our work was in progress, Gong and Lu published the study of intermolecular trifluoromethyl-hydrazination of alkenes by photoredox catalysis and observed compound 2a as a side product as well. [START_REF] Wang | Intermolecular Trifluoromethyl-Hydrazination of Alkenes Enabled by Organic Photoredox Catalysis[END_REF] In order to carry out mechanistic experiments, the author prepared it easily from the sodium triflinate and the tert-Bu azodicarboxylate 3a in the presence of acetic acid with an excellent yield (92%). We thought hydrazide 2a having a structure close to 1 could be of great interest as a potential reagent for the trifluoromethylthiolation reaction., The synthesis of this type of hydrazides from diazenes is very little described in the literature, and no example with other fluorinated groups has been reported. In 2015, Wang et al. reported one example of the preparation of trifluoromethylsulfonyl hydrazide 2b from trifluoromethyl sulfinic acid and diazene isopropyl 3b in methanol. [START_REF] Wen | Metal-Free Direct Hydrosulfonylation of Azodicarboxylates with Sulfinic Acids Leading to Sulfonylhydrazine Derivatives[END_REF] They showed that the reaction could also be carried out from sodium sulfinates in the presence of trifluoroacetic acid (TFA) in methanol. These conditions are very interesting because sodium sulfinates are easily accessible in the form of salts and easier to handle. Given the poor scope and the unknown reactivity of fluorinated sulfonyl hydrazides, we set out to prepare a wide range family of hydrazides and test them as a source of SRf on indoles (Scheme 2).

Scheme 2. Preparation of fluoroalkylsulfonyl hydrazides

Results and Discussion

First, the preparation of CF3SO2 hydrazides was carried out between various azodicarboxylates, sodium triflinate and trifluoroacetic acid (TFA). The results are reported in scheme 3. The corresponding hydrazides 2 were obtained with excellent yields. These products are solids, air stable, and can be stored in the fridge for several months. Having, therefore in hand various fluorinated sulfonylhydrazides, we studied and compared their reactivity in the sulfenylation reaction with indoles under two conditions from the literature involving hydrazide 1. The first one is carried out in the presence of CuCl / DMSO, [START_REF] Guo | TfNHNHBoc as a SCF3 source for the sulfenylation of indoles[END_REF] and the second in the presence of CuOTf / HCl [START_REF] Lu | Copper-catalyzed direct trifluoromethylthiolation of indoles by tert-butyl 2-((trifluoromethyl)sulfonyl)hydrazine-1-carboxylate[END_REF] each in acetonitrile.

First, indole 6a was treated under the two previous conditions with hydrazide 2a. Thankfully, the trifluoromethylthiolation reaction succeeded in yielding indole 7a at 60% (conditions A) and 61% (conditions B) respectively (Sscheme 5). Hydrazide 2a is very effective under these conditions and appears to be an excellent alternative to TfNHNHBoc 1.

Scheme 5. Essays of trifluoromethylthiolation on indole 6a

Unfortunately, reactions with other hydrazides (2b-d) failed under these conditions. Complete decomposition of hydrazides was observed, and indoles were recovered. Thus, these conditions HELVETICA 3 allowed the incorporation of the SCF3 group on isolated indole derivatives with reasonable yields (Scheme 6). The reaction was successful with groups such as methyl, bromide and benzyl ether on the aromatics. The corresponding substituted 3-SCF3-indoles were isolated in reasonable yields. Protected N-methyl indole reacted with 2a to afford the SCF3-indole 7e in 50 and 54%. yields From indoles substituted in position 2 with a methyl and phenyl group, the fluorinated indoles 7f and 7g are isolated in good yields. Here again, we can be noted that hydrazide 2a reacted very well as a source of SCF3 in the trifluoromethylthiolation of indoles. In the majority of cases, the yields are close to those reported in the literature. [START_REF] Guo | TfNHNHBoc as a SCF3 source for the sulfenylation of indoles[END_REF][START_REF] Lu | Copper-catalyzed direct trifluoromethylthiolation of indoles by tert-butyl 2-((trifluoromethyl)sulfonyl)hydrazine-1-carboxylate[END_REF] Literature yields are shown in bold in Scheme 6.

Scheme 6. Trifluoromethylthiolation from 2a

In this line, we attempted the reactivity of other fluorinated hydrazines having the CF2H and the CF2Me group. Unfortunately, only traces of compounds are detected from the hydrazides 4a and 5a, and total decomposition was observed for other sulfenyl hydrazides 4b-d.

To understand the transformation of CF3-sulfenyl hydrazide 2a, we monitored trifluoromethylthiolation under both conditions using [START_REF] Wang | Intermolecular Trifluoromethyl-Hydrazination of Alkenes Enabled by Organic Photoredox Catalysis[END_REF] F NMR. In the case of conditions involving CuCl/DMSO, we first observed a total deprotection of the Boc group of 2a in 1 after about 5 hours, and then SCF3-indole 7a begins to form. Then the reaction is left overnight to lead to 7a (see S.I.). In contrast, in the case of conditions involving CuOTf/HCl, a completely different reactivity is observed. The 19 F NMR monitoring shows four peaks after only 10 min. The majority peak is attributed to product 2a (δ = -72.40 ppm).

The minority peaks correspond to 1 (δ = -76.20 ppm), the other peaks are traces of TfOH (δ = -78.48 ppm), and probably of trifluoromethanesulfonate (δ = -85.30 ppm). After only 20 min, 3-SCF3-indole 7a appears. The reaction is complete after 20h without the compounds 2a and 1. Only the side products TfOH and CF3SO2Na are present. In addition, 1,2-bis (trifluoromethyl) disulfan, a key reaction intermediate, was detected in the medium (see S. I.). [START_REF] Lu | Copper-catalyzed direct trifluoromethylthiolation of indoles by tert-butyl 2-((trifluoromethyl)sulfonyl)hydrazine-1-carboxylate[END_REF] Following these results, it can be said that the conditions involving CuCl/DMSO require a concentration of 1 in the medium to start the formation of SCF3-indole. On the other hand, for CuOTf/HCl conditions, the synthesis of SCF3-indole is immediate. The reaction starts as soon as hydrazine 1 is released into the medium from 2a.

Based on the above experimental results and previous studies, the mechanism seems to be the same reported in the literature. [START_REF] Guo | TfNHNHBoc as a SCF3 source for the sulfenylation of indoles[END_REF][START_REF] Lu | Copper-catalyzed direct trifluoromethylthiolation of indoles by tert-butyl 2-((trifluoromethyl)sulfonyl)hydrazine-1-carboxylate[END_REF] 

Conclusions

In conclusion, we have readily prepared a wide range of families of new fluorinated sulfonyl hydrazides from accessible and inexpensive sulfinates and azodicarboxylates. These hydrazides have been obtained in excellent yields and are stable in air. In addition, trifluoromethylsulfonyl hydrazide (Tf(Boc)N-NHBoc) 2a is an efficient source of SCF3 in the sulfenylation of indoles and is an alternative to the TfNHNHBoc reagent. We hope that these new fluorinated hydrazines will be excellent reagents for incorporating of SRf and Rf groups on various molecules in the future.

Experimental Section

General procedure for the nucleophilic addition of sodium sulfinates on azodicarboxylates

With AcOH: To di-tert-butyl azodicarboxylate 3a (230 mg, 1.0 mmol) and CF3SO2Na (187 mg, 1.2 mmol) were added CH3CN (8 mL), CH2Cl2 (2 mL) and AcOH (72 mg, 1.2 mmol) successively. The mixture was stirred at 40 ˚C for 4 h. After evaporation of solvents, the hydrazide 2a was isolated through a silica gel flash column (Cyclohexane/EtOAc : 9/1) as a white solid (307 mg, 84% yield).

With TFA: To a mixture of sodium difluoromethyl sulfinate (0.6 mmol), diisopropyl azodicarboxylate 3b (0.5 mmol) and CF3COOH (0.5 mmol) in a 25 mL round-bottomed flack at room temperature, was added the CH3OH (2 mL). After 12h of stirring, the solution was concentrated in vacuum and the corresponding product 4b was isolated in 98% yield.

All spectra of indoles (7a-7g) correspond to the literature. [START_REF] Guo | TfNHNHBoc as a SCF3 source for the sulfenylation of indoles[END_REF][START_REF] Lu | Copper-catalyzed direct trifluoromethylthiolation of indoles by tert-butyl 2-((trifluoromethyl)sulfonyl)hydrazine-1-carboxylate[END_REF] Supplementary Material
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 34 Scheme 3. of trifluoromethyl sulfonyl hydrazides.
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