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Substitution and stereochemical effects in the reactions of combined aminonitrile-oxazolidines with a Grignard reagent
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A study of the reaction of phenyl magnesium bromide with various N-(cyanomethyl)oxazolidines showed that product formation (essentially 3-imidazolines and 2-aminomorpholines) is highly sensitive to the substitution pattern and stereochemistry, and appears to involve initial complexation of the Grignard reagent to ring-oxygen.

Recently, l we described the first detailed study of the reactions of organometallic reagents with a representative combined aminonitrile--oxazolidine system, namely (R)-N-cyanomethyl-4-phenyloxazolidine 1. Two unusual heterocyclic structures, 3-imidazolines 2 and 2-aminomorpholines 3, were produced in yields which varied with the nature of the organometaUic reagent. For Grignard reagents, the general trend was towards the formation of 2 as the major product and 3 as the minor; an imine anion A, the result of initial nucleophilic attack of the nitrile centre, was suggested as the common intermediate for both products in a competitive process (Scheme 1). With a view to investigating the scope of the reaction and in the hope of gaining more information concerning mechanistic aspects, we decided to study the effects of substitution at the nitfile or-carbon and the oxazolidine C2. Indeed, it seemed likely that the course of the reaction should depend on the relative electrophilicity of the two reactive centres, which in turn should be dependent on the degree of substitution. Specifically, substitution at the or-carbon might be expected to encourage exocyclic iminium formation leading to a Bruylants reaction (thus diminishing attack at the nitrile), while oxazolidine C2 substituent should enhance the favourability of iminium formation on the aminoether side and perhaps induce initial nucleophilic attack at this site (leading to greater yields of 3). t The different substrates 4--6 selected for this study were prepared by standard methods or adaptations thereof. 2-5 All compounds 5 and 6 were obtained with a 2,4-cis oxazolidine ring substitution pattern.
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Results

Each substrate was treated under standard conditions (N2 atmosphere, Et20 solution, -70°C to 20°C, 18 h) with a suitable representative Grignard reagent, PhMgBr (2 equivalents). After work-up, products were isolated by chromatography and characterized.* Results are presented in Table 1 and summarized in Scheme 2.
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t Further details of the various reaction possibilities of this system can be found in the introduction of our previous paper.t * All new products showed satisfactory spectral and/or analytical data~

The effects of substitution on the aminonitrile moiety were investigated first. Compounds 4, having an a-carbon alkyl substituent, gave similar results to those obtained with the unsubstituted parent structure 1, i.e. an imidazoline 2 was obtained as the major product. While an aminomorpholine 3 was also formed as the minor product, its contribution was noticably lower (6-15%) when the substrate 4 had an aS configuration than was the case for the aR isomers or for 1 (24-27%). While this stereochemical effect did attract our attention, the principle observation at this stage was that a-carbon substitution had no appreciable deleterious effect on imidazoline formation; the alternative Bruylants products 7 were obtained in trace amounts only.

Attention was then turned to the effects of substitution at the oxazolidine ring. Substitution at C2 is known to facilitate ring opening with concomitant iminium formation. It was somewhat surprising, therefore, to observe only a small increase in the 3:2 product ratios obtained with compounds 5 as compared to 1. Even with a strongly stabilizing phenyl substituent, 5c reacted with the Grignard reagent to give a 3:2 product mixture with a ratio of less than 1.5 to 1; clearly, initial iminium formation (which would lead exclusively to 3) l was still not operating with these substituted derivatives.

The stage was set for the study of the cumulative effects of these substitutions, using compounds 6. The results, however, were quite unexpected. Firstly, aminomorpholine 3 formation was totally suppressed: in only one case, starting from (aR)-6a, was derivative 3k observed in very minor quantities. Thus, the simple introduction of an a-methyl substituent onto 5b, giving 6a, provokes a drop in aminomorpholine formation in the reaction with PhMgBr from 35% (the major product) to effectively nil. Secondly, a remarkable stereochemical effect originating from the configuration at the a-carbon was operating. This phenomenon was not easy to demonstrate: the aR and aS diastereomers of compounds 6 were separated only after repeated chromatography. The aS isomer of 6a did not react at all with PhMgBr, and was recovered from the reaction, whereas the txR isomer gave over 50% of imidazoline 2k, one of the highest yields observed so far for imidazoline formation. Furthermore, a 1:1 diastereomeric mixture of 6a was transformed to exactly half this extent and the product 2k was obtained with only an R configuration at the imidazoline C5, thus indicating that only the R isomer of 6a mixture had reacted. Similarly, in the reaction of PhMgBr with (aR)-6b, imidazoline 2m was obtained with only one configuration at C5, while (aS)-6b did not react at all. Respecting the trend, (aR)-6c gave 2n as the only product in relatively high yield, while (aS)-6c did not react. Finally, the special case of the cyclic doubly-substituted system 6d, which has an aS configuration, § gave a single product 20, also in good yield (50%).

Discussion

Collectively, these observations can be explained in terms of a complex but well-defined series of events, which in turn highlight the particular reactivity of the combined aminonitrile-oxazolidine system. The first interaction is the association of the Grignard reagent with the oxygen atom of the heterocycle giving B (Scheme 3). However, in contrast with simple oxazolidines 6-12 and other a-aminoether systems, 13-15 this interaction is not sufficient to induce iminium formation (even with a C2 substituent present), because the nitrogen lone pair is partially retained in the potential iminium represented by the a-aminonitrile moiety. Nonetheless, development of this exocyclic iminum is insufficient for promotion of a Bruylants reaction, even when the a-carbon is substituted, in contrast to the usual reactivity of a-aminonitriles. 16,17 Thus the only way for the complex B to evolve is by addition across the face of the heterocycle to the appropriately positioned nitrile group to give A. In this intermediate the nitrogen § This is the only stereoisomer of 6d available; other forms are rapidly equilibrated to this most stable configuration: lone pair is now available for iminium formation which occurs spontaneously giving C. This iminium is now set up for competitive intramolecular nucleophilic attack by either the imine anion, leading to 2, or a second phenyl group, leading to 3. The complex factors-substituent, conformational and stereochemical --which determine the relative ease of formation of 2 and 3 from C are beyond the scope of this study; however, it does seem likely that the iminium character in C is well-advanced and its formation is non-stereoselective, since the carbon centre derived from the oxazolidine C2 in products 2 and 3 was totally epimerized 

C

The substrate stereoselection observed for compounds 6 warranted further explanation. If the above mechanistic hypothesis is correct, then the nitrile must be accessible to the oxygen-bound Grignard before any reaction can commence. To obtain some indication on the conformational preferences of 6a, each stereoisomer was studied by I H NMR spectroscopy for nuclear Overhanser effects (n.O.e.). For the otR isomer, an n.O.e, was observed between Hot and H2 while no effect was observed for the methyl group. This suggests an accessible endo-nitrile conformation, i.e. facilitating addition of a phenyl group (Fig. 1). In contrast, the otS isomer displayed an n.O.e, between H2 and both Hot and the ot-methyl group; this indicates a conformation in which the nitrile cannot react with the complexed Grignard. While the origins of these conformational preferences are not clear, their existence explains the striking difference in reactivity. The stereoselection effect is much reduced in the reactions of compounds 4, because the lower face of the heterocycle is less sterically hindered. 3,4-cis Configurations are thus accessible 3 and presumably allow underside complexation and reaction of the Griguard, which means that both stereoisomers of 4 can react. In the case of (otS)-6d, constraints imposed by the piperidine ring force the ot-carbon to present the nitrile axially 17 where it is ideally positioned for attack by the complexed Gdgnard reagent. M oH~ n.O.¢. I High diastereomeric excesses have been reported in the addition of Grignard reagents to chiral C2-substituted oxazolidines having bulky N3 substituents.n°.n I However, with an N-methyl substituent (comparable with our N-cyanomethyl substituent) the stereoselectivity is in fact poor. 7,1S

Conclusion

This study demonstrates that combined aminonitrile-oxazolidine systems possess a reactivity profile which is typical of neither aminonitfiles nor oxazolidines alone. We interpret the results in terms of a diminished potential iminium nature for both these types of function, since each is competing with the other for the participation of the nitrogen lone pair, resulting in suppression of both Bruylants and direct ring opening reactions. Nonetheless, reactions may occur via an initial adduct of type A, following specific paths which are dependent on stereochemical and conformational factors and which will merit more detailed study.
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