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A Fluoroalkyl Amino Reagent for the Introduction of the Fluoro(trifluoromethoxy)methyl Group Onto Arenes and Heterocycles

Etienne Schmitt, † Sébastien Bouvet, # Bruce Pégot, # Armen Panossian, † Jean-Pierre Vors, ‡ Sergii Pazenok, § Emmanuel Magnier, #, * and Frédéric R. Leroux ABSTRACT: Fluoroalkyl amino reagents 1a and 2a have been developed from commercially available trifluoromethyl trifluorovinyl ether via a hydroamination reaction with diethylamine or dimethylamine. These reagents can be activated by treatment with a Lewis acid, and subsequently used as a mono-or di-electrophile for the introduction of the fluoro(trifluoromethoxy)methyl group, either in Vilsmeier-type acylations of aromatic substrates, in the synthesis of fluorinated pyrazoles from CH-acidic substrates or in the synthesis of bis-fluorinated pyrazoles, all being important building blocks for medicinal and agricultural chemistry.

Organofluorine chemistry has achieved a key role in the discovery of new bioactive molecules in medicinal or agricultural research, as well as in materials research. 1 Over past decades, considerable effort has been put into the preparation of F-and CF 3 -containing compounds, which, as a result, are now prevalent. More recently, remarkable work has been focused on the introduction of highly potent emergent fluorinated substituents, such as the difluoromethyl or trifluoromethoxy groups (-CHF 2 and -OCF 3 ). 1e, 2 The difluoromethyl group, for example, is of great importance as it can act as a more lipophilic isostere of carbinol, thiol, hydroxamic acid, or amide groups. 1h, i, 3 Consequently, it has been intensively studied in the design of various pharmaceuticals and agrochemicals. Another highly attractive substituent is the trifluoromethoxy group (-OCF 3 ) due to its unique structural and electronic properties. 4 However, the search for other fluorinated substituents, with diverse physicochemical and biological properties, continues.

Moreover, from an industrial perspective, additional aspects like accessibility and cost of raw materials, waste, safety, scalability, etc. are crucial in the development of synthetic strategies.

Recently, we demonstrated how under-exploited Fluoroalkyl Amino Reagents (FARs) 5 can be used extensively to facilitate the introduction of various fluoroalkyl groups into (hetero)aromatics. FARs, prepared by hydroamination of bulk fluoro-olefins (which are cheap and available in large scale), could be converted into their corresponding fluoro-iminium salts after Lewis acid activation. These Vilsmeier-type iminium salts revealed high electrophilicity and extended compatibility with many substrates, and proved to be efficient fluoroacylating reagents, as well as remarkable fluoroalkylmethine equivalents for the construction of fluoroalkylated heterocycles (Scheme 1, top). 6 This method has found use in the industrial production of key intermediates of agrochemical ingredients.

Thus, existing FARs (see Scheme 8 and N,N-diethyl-1,1,2,3,3,3-hexa-fluoropropan-1amine (Ishikawa reagent) 9 ) have enabled the introduction of highly challenging -CHFX fluoroalkyl motifs, including the -CHF 2 , -CHFCl and -CHFCF 3 groups, the last two being difficult to access by conventional methods.

1: 1,1,2,2-tetrafluoro- N,N-dimethylethan-1-amine (TFEDMA, Petrov reagent), 7 N,N-diethyl-2-chloro-1,1,2-trifluoroethan-1-amine (Yarovenko reagent),
Building on this work it was clear that many advances in the field of FARs and fluoroalkyl-(hetero)aromatics remain untapped. The search for other -CHFX groups with promising properties and new aspects of the powerful chemistry of FARs recently prompted us to develop a new FAR bearing the OCF 3 moiety. Maslennikov et al. described the synthesis of such a reagent, but unfortunately did not exploit it. [32] Scheme 1. Application of our newly developed FAR in the preparation of high value building blocks for medicinal and agrochemical research.

Following preliminary results towards this aim, [30] we detail herein the development of this new FAR, enabling the introduction of the -CH(F)OCF 3 motif into various substrates. Both the preparation and the reactivity of this new FAR were evaluated and optimized. The acylation of electron-rich arenes was demonstrated, and the synthesis of CH(F)OCF 3 -containing Nbased heterocycles (pyrazoles, isoxazoles) could also be performed efficiently.

As mentioned above, the hydroamination of perfluorinated alkenes with secondary amines affords FARs. However, potential elimination of HF via the highly acidic β-proton can lead to the corresponding deactivated perfluorinated enamine. While the Petrov reagent (TFEDMA) is stable under inert atmosphere, the N,N-dimethyl versions of Yarovenko and Ishikawa reagents are unstable and this elimination occurs even at low temperature. [9][10] The commercially available N,Ndiethyl analogues are quite stable upon storage (despite a lower purity) but are less reactive after activation by a Lewis acid. To develop the targeted new FAR, initial work focused on the N,N-diethyl substituent since it was anticipated that elimination would be suppressed. Compound 1a was readily prepared by addition of trifluoromethyl trifluorovinyl ether by to neat diethylamine at room temperature in a sealed system (Scheme 2). This in-situ formed FAR was taken up in DCM and further activated with boron trifluoride etherate, providing the activated FAR 1b. Its structure was indirectly proven after hydrolysis and the isolation (in 71% global yield) of N,Ndiethylacetamide 1c. A multi-stage reaction -i) FAR preparation, ii) activation by Lewis acid, iii) Friedel-Crafts reactionwas then performed using 1-(dimethylamino)naphthalene as a model substrate (Scheme 2) . Whilst it is a compromise, we found that 5 equiv of trifluoromethyl trifluorovinyl ether afforded an acceptable 72% yield of compound 3b (Scheme 2). Scheme 2. Synthesis of activated FAR 1b (Method A). Optimization of the ratio of gas introduced using 1-NMe 2naphthalene as model substrate (bottom).

The substrate scope was investigated using similar conditions, whereby a variety of electron-rich aromatic substrates could be acylated (Scheme 3). N,N-Dimethylaniline and 1-(dimethylamino)naphthalene smoothly reacted to give rise to compounds 3a and 3b in high yield. Diversely substituted indoles were similarly acylated providing compounds 4a-h in modest to high yields. The presence of a nitro-substituent decreased the yield (entry 3, Scheme 3) whilst an amino group provided a product of bis-addition of 1b with an interesting acetimidamide moiety (4h) in line with Maslennikov's result with aniline. 11 Pyrroles also reacted with acceptable to good yields (5a-c). Less electron-rich (hetero)aromatic nucleophiles only led to starting material.

In order to enhance the reactivity of the new FAR, we developed an alternative method providing efficiently the N,Ndimethyl analogue of 1a (Scheme 4). Trifluoromethyl trifluorovinyl ether was liquefied in a sealed system under inert atmosphere at -78 °C before a solution of dimethylamine in THF was added. The hydroamination reaction occurred after the dry-ice/acetone bath was replaced by a water bath; subsequent slow addition of boron trifluoride provided the activated FAR 2b (Scheme 4). Addition of MeCN allowed the direct use of the activated FAR in solution. Alternately, it was possible to precipitate the iminium salt using an excess of DCM, and upon removal of the supernatant, one can determine the exact amount of 2b formed for use in the next stage. Scheme 3. Substrate scope for the acylation of (hetero)aromatic substrates using the activated N,N-diethyl FAR 1b. Scheme 4. Synthesis of the activated N,N-dimethyl FAR 2b.

Next, we decided to study the scope of this new reagent in the reaction with CH-acidic compounds like malonitrile and cyanoacetates. When the activated OCF 3 -FAR 2b was reacted with malonitrile, intermediate 6a could be isolated after deposition of the crude product on alumina and washing with cyclohexane. Subsequent treatment with hydrazines or hydroxylamine provided rapidly and regioselectively the corresponding pyrazoles 7a-b and isoxazole 7c in excellent yield (Scheme 5). The use of BOC-hydrazide was the preferred source of the hydrazine moiety, despite the longer reaction time, as it provided an optimal yield of the cyclized compound in the form of the NH-pyrazole 7a upon spontaneous cleavage of the N-BOC group during silica gel chromatography. Intermediate 6b was similarly prepared and used without further purification to provide regioselectively the parent ester 8a in moderate yield. Scheme 5. Regioselective preparation of 3-(CHFOCF 3 )-5aminopyrazolecarbonitriles and -carboxylates and of the related isoxazoles.

The quantitative synthesis of isoxazole 8c provided single crystals, which confirmed the expected regioselectivity (Figure 1). The activated new FAR 2b was also used to prepare several analogues (9-11, Scheme 6) of a key intermediate of Bixafen, a modern SDHI fungicide (Bayer CS) currently on the market. These high-value building blocks were synthesized in excellent yields, using a tunable regioselectivity strategy. We recently reported on the opposed reactivities of in-situ formed vinamidinium species and the corresponding isolated vinamides. 6b Hence, vinamide 15, which could be isolated in 83% yield, was further transformed into the regioisomer 14a (95%), whereas the alternative regioisomer 13a (99%), was prepared from the corresponding vinamidinium intermediate ( Scheme 7).

In conclusion, we have developed Fluoroalkyl Amino Reagents allowing for the introduction of the unstudied trifluoromethoxy-bearing substituent -CHFOCF 3 in aromatics and heteroaromatics. The in-situ formed N,N-diethyl analogue could be used to acylate very electron-rich aromatic substrates. The N,N-dimethyl analogue was used to prepare a large variety of fluoroalkyl-pyrazoles and isoxazoles. This study further enhances the potential of the use of FARs for the introduction of fluoroalkyl groups.

Figure 1 .

 1 Figure 1. Crystallographic structure of 8c (CCDC 1567305)ellipsoids at the 50% probability level; 2 molecules per single unit
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