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INTRODUCTION

There is a growing interest in the field of fluorinated amino acids [1], which hold a great potential for their biological activity as well as for their usefulness in protein engineering [2]. In particular, -trifluoromethyl (Tfm) amino acids are extremely interesting analogues of natural amino acids [START_REF]Fluorine-containing Amino Acids: Synthesis and Properties[END_REF], owing to the unique properties of the Tfm group, such as high electronegativity, electron density, steric hindrance and hydrophobic character [START_REF] Banks | Organofluorine Chemistry: Principles and Commercial Applications[END_REF]. A major obstacle in the systematic investigation of the biomedicinal and structural features of -Tfm -amino acids, and their peptidic derivatives, has been the relatively difficult availability of most Tfm-amino acids in non-racemic form, whose asymmetric synthesis often requires complex experimental protocols and uneasy to handle starting materials. Non-racemic -Tfm-aspartic acid (Tfm-Asp) is a target of particular interest, because Asp is a key component of the RGD sequence (Arg-Gly-Asp), which mediates the binding of fibrinogen to its platelet receptor and plays a keyrole in a variety of human cerebral and cardiovascular diseases. Recently, we have been involved in a project aimed at the synthesis of RGD peptides incorporating Tfm-Asp [START_REF] Dal Pozzo | [END_REF]. Although many approaches to racemic Tfm-Asp and derivatives have been reported [6], the first synthesis of Tfm-Asp in non-racemic form was described very recently by our group [7] exploiting a stereoselective TiCl(O-iPr) 3 /LDA promoted Mannich-type addition of tert-butyl acetate to the sulfinimine [8] of trifluoropyruvate (S)-2 (Scheme 1).
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RESULTS AND DISCUSSION

The enantiomerically pure sulfinimine (S)-2 (Scheme 1) was prepared, according to the literature method [9], by means of a Staudinger (aza-Wittig) reaction of ethyl trifluoropyruvate with the iminophosphorane (S)-1. The Mannich-type reaction of several metalated methylene active compounds 3a-f with (S)-2 was addressed next (Table 1).

The lithium malonate 3a (entry 1) in THF at -78°C added with extremely high stereoselectivity to (S )-2 producing the diastereomer 5a in 97% d.e., whereas a certain decrease in stereocontrol was observed using the sodium malonate 3b (entries 2,3). Chiral HPLC (Chiralcel-OD) showed that the e.e. of 5a obtained from 3a was 90% [START_REF]A slight racemization of the sulfinimine (S)-2 appears to take place during the malonate addition, as already observed in the reaction with some enolates, as well as with alkyl, benzyl and allyl Grignard reagents[END_REF]. To our knowledge, this represents the first published example of addition of a diester anion to a chiral sulfinimine.

Lithiated acetoacetate 3c reacted with (S)-2 with excellent facial diastereocontrol, affording a nearly equimolar mixture of 5b epimers at the acetoacetate center.

Metalated -diketones 3d,e and -nitroacetate 3f were also reacted with (S )-2 , but no formation of the corresponding sulfinamide adducts was detected. As expected, the reactivity of metalated methylene active compounds 3 appears to be proportional to their nucleophilicity, therefore it is higher for metalated ketoesters than for -diketones and -nitroesters, which are unreactive under the conditions explored so far. The extremely high stereoselectivity of the process could be interpreted by means of the model portrayed in Fig. 1 [START_REF] Mioskowski | [END_REF]. Coordination of the sulfinyl oxygen of (S)-2 to the lithium counterion in a six-membered chelate with dimethyl malonate 3a occurs from the less hindered sulfinimine Re face, with the sulfinyl group and the bulky Tfm in trans geometry.

Fig. (1).

Treatment of sulfinamide 5a (Scheme 2) with trifluoroacetic acid (TFA) in methanol produced the cleavage of the sulfinyl function, affording the free -amino acid ester (S)-6, along with the co-product p-TolSO 2 Me. Then, saponification with aqueous KOH at 60 °C, followed by purification with an acidic ion-exchange resin DOWEX provided in fair yields the new amino triacid (S)-7 [START_REF]Compound 7 was found to be stable for several months when stored at 4 °C, otherwise slow spontaneous decarboxylation to 8 was observed[END_REF]. The target (S)-Tfm-Asp 8 was obtained from (S)-6 by saponification with KOH at reflux, which also produced decarboxylation of the malonyl moiety, followed by the usual ion-exchange chromatography. Polarimetric analysis of 8 showed positive rotation, with a value in agreement with nearly enantiopure (S)-configurated Tfm-Asp [7].

EXPERIMENTAL

Reaction of 3a with (S)-2. Dimethyl malonate (132 mg, 3.6 mmol, 1.5 eq.) in dry THF (1 mL) was cooled to -78°C, then a 1.0 M LDA solution in THF (3.6 mL, 3.6 mmol, 1.5 eq) was added dropwise. After 30 min. at the same temperature, a THF (2.0 mL) solution of the sulfinimine (S)-2 (2.4 mmol), prepared in situ as previously described [9], was cooled to -78 °C, then the above described THF solution of 3a was added dropwise via cannula. After 30 min at -78 °C the reaction was quenched with aqueous NH4Cl, the mixture allowed to warm at rt, extracted with EtOAc, dried over sodium sulfate, filtered and the solvent evaporated at reduced pressure. The crude was purified by flash chromatography (n-Hex/EtOAc 3:1) 2; 165.4; 164.2; 143.6; 141.8; 129.8; 125.4; 123.0 (q, J = 288.7 Hz); 67.7 (q, J = 28.17 Hz); 64. 2; 53.6; 53.5; 53.0; 21.4; 13.7.

CONCLUSION

In conclusion, we have developed an extremely efficient and simple, highly stereoselective synthesis of (S)--Tfmaspartic acid 8, which can be obviously extended to the (R)enantiomer starting from (R)-2, in high e.e. exploiting a stereocontrolled Mannich-type reaction of lithium malonate with a chiral sulfinimine of trifluoropyruvate. The addition of further methylene active nucleophiles to (S)-2 is currently under investigation.
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