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Abstract: : Chiral non racemic carbazate 1, derived from (R)-(-)-phenylglycinol, reacts regioselectively with benzaldehyde or its 
dimethylacetal to give an azomethine imine. The faci~d, endo/exo and regio selectivities of 1,3-dipolar cycloadditions of this 
reactive species with various dipolarophiles have been studied and are described in this paper. In the best cases, up to three 
contiguous asymmetric centers could be generated simultaneously, in a complete enantio- and diastereoselective fashion. 
© 1999 Published by Elsevier Science Ltd. All rights reserved. 

Diels-Alder reactions and 1,3-dipolar cycloadditions have become powerful methods for 
the straightforward elaboration of complex structures[l]. The good control of the relative 
configuration of neighbouring asymmetric centers contributes to their high synthetic value. In 
the course of our work on the diastereoselective functionalization of chiral non-racemic 
hydrazinolactams, we were able to prepare compound 1 in four steps from N-benzyl (R)-(-)- 
phenylglycinol on a multigram scale[2]. This stable, crystalline building block is an aza- 
analog of morpholinone 2, which has been extensively used as an azomethine ylid precursor 
in 1,3-dipolar cycloadditions (Scheme 1)[3]. 
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Although less popular than azomethine ylids, azomethine imines are known to react with 
several dipolarophiles, leading to polysubtituted pyrrazolidines[4]. The efficiency of the 
intramolecular version of this reaction was highlighted by the Jacobi synthesis of saxitoxin[5]. 
Several examples of intermolecular 1,3-dipolar additions with these reactive species were also 
reported, but generally in racemic series[6l. 

All these results prompted us to study the formation and reactivity of chiral non-racemic 
azomethine imines from compound 1. If regio- and diastereoselective, these cycloadditions 
would permit the preparation of enantiopure polysubstituted 1,3-diamines in a versatile and 
straightforward manner, after removal of the chiral template and reductive cleavage of the 
hydrazine bond. In this communication we report our preliminary results in this field. 
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In order to evaluate the facial stereoselectivity of the cycloaddition, carbazate 1 was 
condensed with benzaldehyde dimethyl acetal and the resulting azomethine imine 
intermediate 3 was directly reacted with the dipolarophile diethyl acetylenedicarboxylate. 
Compound 4 was obtained as a single diastereomer in 35 % yield. The modest yield of the 
reaction was due to the formation of 1,4-addition by-products and to the low stability of 4 
which could be stored for weeks after crystallization but which was rapidly oxidized to 5 in 
the presence of air when kept as an oil (Scheme 2). 
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S c h e m e  2. Reagents and conditions : a) i PhCH(OMe)2, PTSA, toluene, 70 *C, M.Sieves; ii EtO2C-C-=C-CO2Et b) air. 

The absolute configuration of 4 was determined by its crystal structure X-ray analysis. 
The stereoselectivity is in agreement with an approach of the dipolarophile from the less 
sterically hindered face of a S-shape ylid 3, as already proposed by Harwood and coll. in the 
related azomethine series[3q. 

We then investigated the endo/exo selectivity of the reaction with symmetrical 
dipolarophiles (Scheme 3)[7]. 
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S c h e m e  3. Reagents and conditions : a) PhCHO (5 eq.), dimethyl male, ate (5 eq.), H20 (! eq.), CHCI3, ,% 48 b. b) PbCHO 

(5 eq.), dimethyl fum~u'ate (4eq.), H20 (1 eq.), CHCI3, A, 48 h. 

Once again, the facial selectivity was excellent. The relative configuration of the major 
adduct 6 was established by NMR n.O.e, experiments. The approach of dimethyl maleate 
proved to be exclusively endo, as depicted by a crystal structure X-ray analysis of compound 
7 (Figure)[8,9]. 
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Finally, the regioselectivity of the cycloaddition was tested (Scheme 4). The opposite 
regioselectivity was observed between dipolarophiles bearing electron-withdrawing groups 
and conjugated olefins. The endo selectivity was again excellent with methyl acrylate. 
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Scheme 4. Reagents and conditions : a) PhCHO (S eq.), methyl acrylate (5 eXl.), H20 (I eq.), CHCI 3, A, 48 h. b) PhCHO (5 

cq.), st)'rcne (5 eq.). DCF_,, A, 24 h. c) PhCltO (5 eq.), methyl cinnamate (5 eq.), IX'E, &, 48 h. 

Preliminary FMO calculations suggest that the cycloaddition is HOMO controlled with 
methyl acrylate and cinnamate, and LUMO controlled when using styrene as the 
dipolarophile, leading to a reversal of regioseleetivity and endo/exo control. Additional 
examples are needed to confirm this hypothesis. 

In conclusion, 1 proved to be a good chiral template for asymmetric 1,3-dipolar 
cycloadditions. The azomethine imine is formed regioselectively, and reacts with various 
dipolarophiles in good yield and selectivity. In the best cases, three contiguous asymmetric 
centers could be created in a single step with complete control of relative and absolute 
configurations. Scopes and limitations of this new method are under investigation, and the 
extension to the synthesis of optically pure polysubstituted 1,3-diamines is in progress. 
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