Marc Le Bail 
  
Jo~ile P~rard 
  
David J Aitken 
  
Martine Bonin 
  
Henri-Philippe Husson 
  
Tandem Reactions of Organometallic Reagents with a Combined Aminonitrile-Oxazolidine System

The reaction of the model combined aminonitrile-oxazolidine system I with a variety of Cn'ignard and other organometallic reagents leads to the heterocyclic structures 3-imidazolines 2 and 2aminomorpholines 3 by tandem addition/substitution reactions. The regioselectivity of the initial attack, and hence the relative proportions of products, varies with the nature of the reagent and the presence of Lewis acidity in the mixture.

Over the past decade our Laboratory has developed a variety of N-(cyanomethyl)oxazolidine derivatives as building blocks for biologically interesting nitrogen-containing compounds, t The original (R)-N- cyanomethyl-4-phenyloxazolidine 1 has proved to be a versatile small chiral non-racemic molecule, having three types of nitrogen functional groups with differential reactivities: aminonitrile, aminoether and benzylic amine. To date, the following reactivities have been investigated (Scheme 1). Compound 1 can be dcprotonated with strong base and alkylated stereoselectively with various electrophiles, giving an asymmetric route to aminoacids, aminoalcohols and amines. [START_REF] Aitken | [END_REF] The tricarbonylchromium(0) complex of I can also be deprotonated, and the metalloarene system acts as an internal electrophile, inducing cyclization to give an isoindoline system. 3 The aminoether function of the oxazolidine ring provides an iminium system when treated with a Lewis acid, and the facile subsequent deprotonation of the aminonitrile a-carbon gives an azomethine ylide which undergoes 1,3-dipolar cycloaddition with olefins to give enantiomerically enriched pyrrolidine derivatives. 4 The potential iminium reactivity of the aminoether moiety has also been invoked in the monoeleetronic oxidation of a derivative of I to give a lactam. 5 We reasoned that 1 should also be an interesting candidate for reactions with organometallic reagents. Depending on the nature of the reactants, aminonitriles can undergo a variety of different reactions with organometallics, 6 including alkyl or hydride substitution reactions via an iminium ion, addition to the nitrile, and deprotonation. Oxazolidines usually give ring-opening substitution reactions with organometallic compounds. 7 The reaction of an organometallic reagent with a combined oxazolidine-aminonitrile system, however, has been reported for only one special case.8 Herein we report on a detailed study of the reactions of 1 with a variety of commonly-used Grignard and other organometallic reagents (in ether solution, -70 °C, 3-6 h), which lead to interesting heterocyclic structures by virtue of the dual potential reactivity inherent in the system. In all eases, commercially available reagent solutions were used as supplied (after titration), except for Gilman cuprates which were prepared in situ from CuI and the corresponding organolithium compound.

Fax: (33) 01 43 29 14 03; e-mail: ailken@malh-info.univ-paris5.fr 7178 Reaction with Grignard reagents. Results of these studies are summarized in the Table. 9 Treatment of 1 with two equivalents of Grignard reagent gave a clean reaction from which two new products were isolated easily by chromatography. With primary alkyl or aryl magnesium halides, 3-imidazolines 2a-c incorporating one Grignard-derived alkyl or aryl group at the 4-position were obtained as the major products (37-55%). Also isolated (17-24%) were 2-aminomorpholines 3a-c bearing two Grignard-derived functions, in which one anomeric form predominated (>90%). A simple consideration of steric and anomeric effects suggests the most likely configuration of compounds 3 to be that with an axial amino-group, as shown (Scheme 2). With benzyl Grignard reagent, the 2-aminomorpholine 3f was the major product (30%), and the yield of 3imidazoline 2f was somewhat lower (21%). The use of excess reagent in all the above reactions clearly facilitated the formation of 3, but was necessary in order to achieve good conversion of 1, probably due to partial reagent loss through dimerization. 10 Thus when only one equivalent of PhMgBr or n-BuMgC1 was used, 2-aminomorpholine formation was supressed, but the 3-imidazoline yields also dropped and starting material was recovered. On the other hand, when ten equivalents of n-BuMgC1 were used, the yield of 3c more than doubled (to 40%) while that of 2e diminished. The reactions of more sterically hindered Grignard reagents were less successful: treatment of 1 with two equivalents of s-BuMgCl gave only 21% of the 3imidazoline 2d (and no 2-aminomorpholine), while t-BuMgCl failed to give any reaction at all.

The possible mechanisms operating in these reactions are shown in Scheme 2. The formation of 2 is reminiscent of the reaction of Grignard reagents with c0-halonitriles to give cyclic imines, 11 and begins with selective addition of the organometallic reagent to the nitrile group of 1. The intermediate I undergoes intramolecular substitution at the oxazoline 2-position to give H, producing the new heterocyclic system. The transformation of I to II is irreversible, as was shown by treating a sample of 2e with excess n-BuMgC1, from which 2e was recovered unreacted with no trace of 3e.

Scheme 2 Ph I l""N O/ R-M n-Bu C 1 R N Q R R 2 s-Bu d I II t-Bu e [ (Lewis acid) l CH2Ph f ~ R-M R-M O HO R R R'f'~=N Q HN ~ "R 3 ['R

IV IH

There are two possible explanations for the formation of 3. Intermolecular attack of the oxazolidine of I by a second carbon nucleophile may be competitive when the organometallic reagent is in excess, leading to III which cyclizes to 3 spontaneously upon work-up. However, an alternative route to III via IV, implying regioselective inital attack at the oxazolidine ring, cannot be discounted. The inherent Lewis acidity in Grignard preparations may be sufficient to promote this reactivity, and it was interesting to note that the benzyl reagent, which was the most prone to dimerization and therefore release of MgCI2, gave the greatest 3:2 product ratio. Observation of the single substitution products 4 would have supported this suggestion, but only traces were found (highest yield 5%, for 4t3. Nonetheless, following this argument, it was possible to change dramatically the regioselectivity and privilege the formation of an intermediate IV, by carrying out the reaction of 1 with a Grignard reagent in the presence of an external Lewis acid. Thus an equimolar mixture of 1 equiv. AICI 3 added before the Grignard reagent 1 and A1CI 3 was treated with five equivalents of PhMgBr or n-BuMgCl to give 3b and 3e respectively as single products in >50% yield. It was also interesting to note that the reaction of 1 with two equivalents of Me3AI furnished 4a (62%), accompanied by a small amount (15%) of the Bruylants nitrile-substitution product N,N-diethylphenylglycinol 5 (Scheme 3).

Comparison with organolithium reagents and Gilman cuprates. Reactions of 1 with two equivalents of these reagents followed modified reactivity patterns, but were less clean than for Grignard reagents, leading to complex product mixtures.

With RLi (R = Me, Ph, n-Bu, s-Bu, t-Bu), it was not possible to isolate any 2-aminomorpholines 3, and analysis of the NMR spectra of the crude product mixture gave no firm evidence for their formation; this would be consistent with the lower Lewis acidity of organolithium preparations. The 3-imidazolines 2a-e were isolated from their respective product mixtures in yields (25-32%) which were in general slightly lower than those obtained with the corresponding Grignard reagent, although this situation was inversed for the more bulky reagents s-BuLi and t-BuLi, which gave 2d (35%) and 2e (44%) respectively.

From reactions of 1 with R2CuLi (R = Me, Ph, n-Bu), 3-imidazolines 2a-c were isolated in low yield (15-25%). Taking the case of n-Bu2CuLi as representative, the product mixture was separated carefully to give, in addition to 2c (25%), 2-aminomorpholine 3e (24%) and a new 2-aminomorpholine 6c (25%) (Scheme 4). Cuprate preparations are sometimes contaminated with a species termed "Cull" which behaves as a reducing agent, 12 and the formation of structure 6c can be explained by the reduction of the oxazolidine system of Ie to give Ve.

Conclusions. This study suggests that Lewis acidity is a determining factor in the tandem reactions of common organometallic reagents with a combined aminonitrile-oxazolidine system. Depending on the nature of the reagent, either of two original heterocyclic structures 2 and 3 can be prepared. In contrast with the well-known 2-imidazolines, there are very few literature methodsl3,14 for the preparation of 3-imidazolines 2, and their chemical and biological properties are almost unknown. 15 Likewise, 2-aminomorpholines 3 have not been described previously. These observations present considerable scope for further work and exploitation, and the chemical reactivities and synthetic potential of the above-described compounds are currently under investigation.
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