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As now well established, introducing fluorine atom into biomolecules is relevant for medicinal chemistry. In 2018, 18 fluoropharmaceuticals were approved by the food and drug administration (FDA) and it represented almost 50% of the new drugs registered this year. 1 For several years now, fluorinated molecules have reached the pharmaceutical market and constitute ca. 30% of all new approved drugs. 2 Moreover the incorporation of fluorine-containing amino acids into peptides for the design of drugs have been studied. 3 The fluorine atom introduction allows changes, in many ways, of the physicochemical properties. 4 Acidity, basicity, 3D arrangement, Hbonds, hydrophobicity 5 and metabolic stability 6 can be modified in a positive way. Thereby the synthesis of various fluorinated amino acids has recently been reported. 7 Since several years, our group is involved in the synthesis of enantiopure fluorinated cyclic or acyclic amino acids and their incorporation into peptides. 8 Cyclic non proteinogenic or proteinogenic amino acid such as proline have a major role in peptide conformation. Indeed the pyrrolidine ring increases the cis population for the Xaa-Pro peptide bonds and decreases the trans to cis free energy difference ΔG tc . 9 Pipecolic acid is even better to enhance cis population. 10 Numerous nonfluorinated proline surrogates have already been synthesized to increase their pharmaceutical effectiveness, promoted by defined conformations. 11 For therapeutic use, peptides containing prolines or proline analogs have also recently been reported as anti-tumor, 12 antibody detection 13 and antibacterial compounds. 14 Several enantioselective syntheses of α-Tfm-proline and its derivatives have already been reported. 8c, 8j, 15 Trifluoromethylated proline surrogates have been evaluated as part of 'Pro-Pro' turn-inducing templates. 16 However, most of these methods seem to be limited in term of scaling-up possibilities. In order to invest the peptide synthesis area incorporating unnatural amino acids, it is mandatory to develop a multigram scale strategie for the synthesis of the fluorinated amino acid in enantiopure form. We report herein a novel straightforward synthesis of the two enantiomers of α-Tfm-proline in enantiopure form. In order to demonstrate the generalization of this strategy to higher cyclic analogues of proline, we also report the synthesis of the two enantiomers of α-Tfm-pipecolic acid. Pipecolic acid, as an homologue of proline, has often been studied to assess the conformational impact of its larger ring size within peptides. 17 This non proteogenic acid and its surrogates are found in various biologically active compounds such as antitumor antibiotics 18 but also in inhibitors of HIV protease, 19 or serotonin receptor antagonist. 20 Considering the different proven biological activities due to the presence of pipecolic acid, it seems important to have efficient access to both enantiomers of α-Tfm-pipecolic acid from commercial products. This quaternary α-amino acid should find widespread applications in peptidomimetic drug design as it combines conformational constraints due to the quaternary center, as well as metabolic resistance due to the CF 3 group. Therefore peptide-receptor recognition, but also the bioavailability, could be improved. Some non fluorinated constraint pipecolic analogs 21 and trifluorinated pipecolic acid analogs such as 6-Tfm-pipecolic acid, 22 5-Tfm-pipecolic acid 23 and some substituted α-Tfm-pipecolic acid in racemic or enantiorich forms, have been described. 24 Lately the group of Nenajdenko has reported the synthesis of the (R)-α-Tfmpipecolic acid from a cyclic trifluoromethylated ketimine via an organocatalytic Strecker reaction using the Takemoto catalyst. 15c Although the reaction is highly enantioselective it is quite slow (6 days). In figure 1 are reported the previous literature methods for the synthesis of enantioenriched Tfm-proline and α-Tfm-pipecolic acid using chiral auxiliary based or organocatalytic methods. We report herein a general strategy for the scalable synthesis of both (R) and (S) enantiopure α-Tfm-proline and α-Tfm-pipecolic acid starting from commercially available diesters, ethyl trifluoroacetate and (R)-This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins phenylglycinol. The key step is a Strecker type reaction on a chiral intermediate Tfm-oxazolo-pyrrolidine and -piperidine (Figure 1).

The condensation under basic condition (NaH or Na/EtOH) of diethyl succinate and diethyl glutarate with ethyl trifluoroacetate followed by a decarboxylation using boric acid gave the trifluorinated ketoesters 1 and 2 in 59% and 45% yield respectively (conditions A). 25 The condensation of diethylglutarate with ethyl trifluoroacetate followed by an acidic treatment with concentrated H 2 SO 4 gave the carboxylic acid 3 in 88% yield (conditions B). 26 The chirality and the nitrogen atom were then introduced by formation of the oxazolidines 4 (94%), 5 (71%) and 6 (82%) by condensation with (R)phenylglycinol (Scheme 1). At this stage, two different pathways were used for the proline and the pipecolic acid series. For the proline pathway, the oxazolidine 4 was reduced using NaBH 4 /CaCl 2 to give the alcohol 7 in 95% yield. Its transformation into a non-isolable iodo compound with PPh 3 /I 2 gave directly the bicyclic compound 8 in 73% yield as a single diastereomer (Scheme 2). For the 6-membered ring homologue, this strategy was not efficient. Indeed, after reduction of the ester function of the compound 5 and its transformation into an iodo intermediate, the cyclization occurred in poor yield and gave a messy mixture. However, the direct cyclization of the carboxylic acid 6 in acidic condition by azeotropic distillation of the water gave the lactam 9 in 70% yield as a 90/10 diastereomeric mixture which were easily separated by column chromatography. The diastereomer 9maj and 9 min were isolated in respectively 63% and 7% yield. The reduction of the lactam function on each separated diastereomer 9maj and 9min with BH 3 /THF gave the Tfmoxazolopiperidines 10 maj and 10 min in respectively 71% and 32% yield [START_REF]α-Tfm-pipecolic acid hydrobromide amonium salt obtained by the Nenajdenko's team[END_REF] Please do not adjust margins Please do not adjust margins APTS was needful as already described. 8c The two morpholinones (R)-13 and (S)-13 were then easily separated by column chromatography and gave the minor isomer (R)-13 in 31% yield and the major isomer (S)-13 in 39% yield. At this stage, the experimental procedure was similar to the one we already described 8c but it was scaled up to afford 4.7 g and 6 g of the two morpholinones (R)-13 and (S)-13 starting from 15 g of the nitrile compound 11. The two enantiomers of the proline (R)-14 and (S)-14 were obtained in 74% and 78% yield respectively (Scheme 5).

In the pipecolic series, once the two products (R)-12 and (S)-12 from the Strecker-type reaction separated, the hydrolysis step of the nitrile into carboxylic acid function remained to be carried out. This reaction proved to be more tricky than expected. All our attempts to transform the nitrile function into a carboxylic function failed. Whatever were the experimental conditions, basic (KOH, LiOH/H 2 O 2 , NaOH) or acidic (HCl, APTS, MeOH in HCl g ) a retro Strecker-type reaction occurred giving the starting bicyclic compound 10. This reaction has never been observed in the proline series but it was already described in the literature for non-fluorinated compounds. 28 Nevertheless, we succeeded using strong acidic conditions. Reflux in a screw-capped vial in H 2 SO 4 (95%) during 72h gave the corresponding amide (R)-15 and (S)-15 in respectively 55% and 32% yield (Scheme 6).

The enantiomeric purity has been assessed using chiral HPLC (>99% ee, see the Supporting Information). In order to hydrolyse the amide function, the use of HBr (48%) during 48h was necessary. The two enantiomers of the pipecolic acid (R)-16 and (S)-16 were obtained as their hydrobromide salt in a quantitative yield (Scheme 6). We previously reported that the enantiopure trifluoromethylproline 14 was efficiently incorporated in peptide. 29 However the peptide coupling of the trifluoromethylpipecolic acid has never been investigated so far. The pipecolic acid (R)-16 was next coupled with alanine in the C-terminal position and the dipeptide H-Pip-Ala-OBn 17 was obtained in 47% yield (Scheme 7). Nevertheless, the coupling reaction on the deactivated N-terminal position seems to be more difficult and is still under investigation in our laboratory.

Conclusions

In conclusion, we report a straightforward and scalable synthesis of enantiopure (R)-and (S)-α-Tfm-Proline and (R)-and (S)-α-Tfm-Pipecolic acid in few steps from commercially available diesters, ethyl trifluoroacetate and (R)-phenylglycinol.

A Strecker-type reaction on oxazolopyrrolidine and oxazolopiperidine intermediates allows the incorporation of a nitrile group precursor of the carboxylic acid function in very good yields. The easy separation of the two diastereomers followed by the hydrogenolysis of morpholinones 13 or the acid hydrolysis of aminonitriles 12 give access of the two enantiomers of Tfm-Proline and Tfm-Pipecolic acid in good yields. These fluorinated non-proteogenic aminoacids are very interesting due to the conformational constraints they impose on the peptides in which they are incorporated. Their potential stability towards enzymatic degradation and their enhanced bioavability makes these compounds promising tools for the design of bioactive peptides. 

  (Scheme 3). The bicyclic oxazolidine 8 and 10 in hand, the Strecker type reactions were performed to introduce the cyano group precursor of the carboxylic acid function. The reaction of TMSCN on 8 in the presence of BF 3 .OEt 2 gave a non-separable mixture of two diastereomer (R)-11 and (S)-11 for the proline series in a quantitative yield (99%, 38:62 dr). In the pipecolic series the Strecker type reaction on 10 gave (R)-12 and (S)-12 in 80% yield (50:50 dr) which were easily separated by flash chromatography to give (R)-12 and (S)-12 in 41% and 39% yield respectively (Scheme 4). In order to separate the (R)-11 and (S)-11 diastereomers of the proline series, the formation of an intermediate morpholinone by cyclization in the presence of
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