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Anodic oxidation of chiral sulfinylamines: a new route to highly diastereoselective a-alkylation of piperidine
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The anodic oxidation of some chiral non-racemic N-arylsulfinyl piperidines was investigated and for the first time a methoxylated sulfinyl piperidines were obtained. The so-formed compounds are equivalent of chiral N-sulfinyliminiums and used as new intermediates for the preparation of chiral a-substituted piperidine derivatives in good yield and diastereoselectivity.

Stereoselective substitution at the a position of secondary amines offers opportunities for convenient and efficient syntheses of nitrogen containing derivatives. Nevertheless, this sequence remains challenging and, despite several attempts, very few reactions permitting this substitution have been described so far.

Both anionic and cationic routes were reported. Deprotonation a to the nitrogen was investigated 1 with some success and asymmetric versions [1][2][3] exist whilst confined to the alkylation of allylamines 2b and pyrrolidines. 2a,3 The cationic pathway has been extensively studied (Scheme 1). A secondary amine 1 is transformed to amethoxy derivative 3 (Z = COOR) via carbamate 2 (Z = COOR) using the ShonoÕs anodic oxidation. 4 The methoxy compound 3 reacts with a nucleophile in the presence of a Lewis acid to give the substituted derivative 5 via acyliminium 4. [START_REF] Suga | A variant was proposed allowing the direct substitution without isolation of methoxy derivative[END_REF] This anodic oxidation-amidoalkylation sequence is a very powerful method allowing the introduction of various nucleophiles. [START_REF] Overman | Comprehensive Organic Synthesis[END_REF] Moreover this process is very easy to perform and does not need any special technical knowledge. [START_REF] Moeller | [END_REF] Surprisingly, few asymmetric developments of this efficient methodology appeared in the literature. Use of chiral carbamates led to disappointing diastereoselectivities 8 (except if a chiral center is already present on the starting amine 1). 9 A recent example using a chiral Lewis acid and providing an encouraging 56% ee was also reported. 10 It thus appeared that improvement of the diastereoselectivity would call for the choice of another type of chiral activating Z group besides carbamates.

Several reports from the literature showed that diastereoselectivities for addition of nucleophiles to chiral sulfinylimines are consistently good to excellent. 11 Thus, we planned to study the use of sulfoxide as chiral auxiliary in the oxidation/alkylation sequence described in Scheme 1 (Z = S*(O)R).

To the best of our knowledge there is no report in the literature neither concerning the generation of N,O-acetal equivalent of N-sulfinyliminium by direct oxidation of sulfinylamine, nor their use in the alkylation step. 

Tetrahedron Letters

Only one example of N-sulfinyliminium was described (as the expected intermediate in the Pictet-Spengler reaction of (R)-N-p-toluenesulfinyltryptamine). 12 We now report on the first successful electrochemical oxidation of chiral N-sulfinylamine to a-alkoxy-N-sulfinylamine and the diastereoselective addition of a nucleophile onto this potential sulfinyliminium. In this preliminary study, we investigated some chiral sulfoxide groups as N-activating group (Z, Scheme 1) of the piperidine ring chosen as a model substrate (Scheme 2). The sequence was applied to the asymmetric synthesis of pelletierine (10).

N-Sulfinyl piperidines 7 were prepared 13 according to the literature [START_REF] Garcia-Ruano | [END_REF] with some modifications. The enantioenriched N-arylsulfinyl piperidines 7a-d were obtained in high yields and ee (Table 1) by addition of piperidine magnesium bromide to the diastereomerically pure menthyl sulfinates. 15 Compound 7e was prepared in only 30% ee from unseparated mesityl menthyl sulfinate diastereoisomers and 7f was prepared in racemic form from t-BuSS(O)t-Bu 16 and piperidine lithium. 17 The oxidation step was particularly challenging and hypothetic since both nitrogen and sulfur atoms can be oxidized. Indeed, the anodic oxidation of sulfinylamines was reported by DÕOca et al. [START_REF] Dõoca | [END_REF] to give sulfur oxidation or N-S bond cleavage. [START_REF] Carreno | N-S cleavage was also observed in N-sulfinyl anilines[END_REF] However, fragmentary data from the literature suggested that the regioselective nitrogen oxidation is possible. 21 We reasoned that this electrochemical procedure should be quite sensitive to the reaction conditions. The anodic oxidation is known to generate protons, which can be a serious drawback for the integrity of N-S bond. 11a The first very simple idea was to perform the anodic oxidation in the presence of added base. Furthermore, it can help in the kinetic of deprotonation of the expectedly formed nitrogen centered cation-radical. After some trials, it was found that anodic oxidation, [START_REF]The electrolysis was conducted at 0 °C in an undivided glass cell equipped with two graphite plate electrodes (35 • 20 mm) and at a constant current (15 mA), under nitrogen on a 0.05 M methanolic solution of 7 containing Et 4 NBF 4 (0.5 equiv) and KHCO 3 (0.5 equiv). The course of the electrolysis was checked by HPLC[END_REF] at constant current with graphite plate electrodes, of sulfinylamine 7a (R = p-tolyl) in MeOH and in the presence of KHCO 3 occurred cleanly to furnish the desired amethoxylated derivative 8a in a good 69% yield as a mixture (75:25) of two diastereoisomers. The enantiomeric purity of each diastereoisomer was checked by chiral HPLC and no racemization was observed. The formation of methylsulfinate 11a corresponding to the N-S bond cleavage reported by DÕOca et al. [START_REF] Dõoca | [END_REF] (Scheme 2) could not be completely avoided. Under more basic conditions, the formation of 11a was minimized and 8a was formed in a nice 77% yield but each diastereoisomer of 8a was proved to be only 80% ee. This partial racemization under these specific conditions is not clearly understood.

As it can be seen in Table 1, compounds 7a-d gave the expected a-methoxylated sulfinylamines 8a-d 13 in acceptable to good yields. The N-S bond cleavage is still present in a small amount (about 15%) in all cases regardless of the structure. It is noteworthy that compound 11 were found to be racemic products.

In contrast to the oxidation of 7a-d, N-sulfinyl piperidines 7e (R = mesityl) and 7f (R = t-Bu) containing bulky groups led exclusively to cleavage products under several experimental conditions. This can be linked to their lower oxidation potential (Ep = 1.3 and 1.5 V sce for, respectively, 7f and 7e compared to 1.7-1.9 V sce for 7a-d).

The possibility to regenerate the sulfinyliminium from the a-methoxylated product 8 and the diastereoselectivity of the addition of a nucleophile were then investigated. When 8a was treated with trimethylsilyloxypropene at À78 °C in the presence of 0.4 equiv of TMSOTf, the N-sulfinyl amino ketone 9a was obtained in a fair 64 % yield and a nice 90:10 diastereoisomeric ratio (Scheme 3). This ratio was determined by HPLC and NMR analyses on the crude reaction mixture. The absence of racemization at sulfur atom was once again checked by chiral HPLC on each diastereoisomer. The methoxylated derivatives 8b-d proceeded as well with de ranging from 64% to 84% (Table 2). A by-product was systematically observed and identified as the S-alkylated derivative 12. [START_REF]The enantiomeric purity of 12 was not checked[END_REF] In each case the major isomer of 9 13 is obtained pure after simple flash chromatography.

Brief treatment (10 min) with 0.5 equiv of a 0. In conclusion, we showed for the first time that N-sulfinylamines can be transformed to the corresponding amethoxy N-sulfinylamines through anodic oxidation. This allowed us to prepare chiral non-racemic equivalent of sulfinyliminium on 0.5 g scale. The so-formed a-methoxylated N-sulfinylamines can react as potential sulfinyliminium allowing highly diastereoselective alkylation. The R group beared at the sulfoxide is important to the success of the anodic oxidation, while several substituents allow the alkylation reaction to occur in good yield and diastereoselectivity.

The overall sequence is a short (four steps) procedure to diastereomerically a-alkylate secondary amines. The generalization of this procedure to other amines and nucleophiles is under investigation. 
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	Scheme 2. Reagents and conditions: (i) MeMgBr, THF, 0 °C, then
	menthyl arylsulfinate, 1 equiv; (ii) for 7f: BuLi, THF, À78 °C, then
	t-BuSS(O)t-Bu; (iii) anodic oxidation. 18		

5 M aqueous H 2 SO 4 solution in MeOH gave quantitatively the (S)-enantiomer of pelletierine sulfate

(10)

: ([a] D +28.9 (c 0.9, H 2 O))

[START_REF] Gilman | Reported values for the natural (R) isomer: [a] D À29[END_REF] 

without epimerization. This very simple cleavage of the N-sulfoxide bond contrasts with the tedious cleavage of carbamates. The alkylation of a-methoxylated sulfinylamines 8a-d possessing a (S)-sulfoxide

Table 2 .
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		R	99 :12 ratio
			Isolated yield (%)	de	
	a	p-Tol	64	80	92:8
	b	o-Tol	55	84	83:17
	c	Ph	60	80	82:18
	d	o-CF 3 -C 6 H 4	62	64	82:18
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