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Abstract

The use of sterically congestedC2-symmetrical bis(oxazoline) ligands with methylene and ethylene spacers
between the oxazoline rings results in the reversal of the enantioselection for aldol reactions catalyzed by
bis(oxazoline)–Cu(II) complexes. © 1999 Elsevier Science Ltd. All rights reserved.

An increasing number of papers have appeared, directed at the design and development of efficient chi-
ral catalysts for enantioselective asymmetric syntheses and this field is now one of the most challenging
areas of organic chemical research. The high potential of chiral bis(oxazoline) ligand–metal catalysts
in a wide variety of asymmetric synthesis has been extensively documented since the 1990s.1 Chiral
C2-symmetrical bis(oxazoline) ligands are available in great structural diversity and the spacer moieties
between the oxazoline rings are primarily responsible for the ‘bite’ angle of the bidentate ligands, which
considerably influences the chiral environment at the catalytic site, thus effecting the efficiency and
enantioselectivity of a reaction.2 However, few studies have been reported for reactions catalyzed by
bis(oxazoline) ligands in which the spacer length between the oxazoline rings clearly plays a key role in
determining the stereochemical course of the reaction.2,3

In this paper, we describe a new class of sterically congested and conformationally rigid chiral
bis(oxazoline) ligands with methylene and ethylene spacers between the oxazoline rings, from which
the derived Cu(II)-complexes serve as catalysts in asymmetric aldol reactions, resulting in the reversal of
enantioselectivity, depending on six- and seven-membered chelate sizes.

We previously developed the sterically congested and conformationally rigid chiral 2-aminoalcohols,3
and4, which are derived from the corresponding 2-oxazolidinone auxiliaries,1 and2, as promising chiral
sources, and whose ‘roofed’ structures would be expected to play a key part in the construction of highly
congested and well-ordered asymmetric spaces.4 Thus, the sterically congested chiral bis(oxazoline)
ligands (5–8) were prepared by the ring-opening of the polycyclic ‘roofed’ 2-oxazolidinone auxiliaries,
(+)-1 (DHAOx) and (+)-2 (DMAOx), to give the conformationally rigid aminoalcohols, followed by
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condensation with diethyl malonate and succinonitrile with the aid of Me2SnCl25 and ZnCl26 catalysts,
respectively (Scheme 1). The reactions proceeded smoothly to give the bis(oxazoline) ligands, mostly in
yields in excess of 90%.7,8

Scheme 1.

Evans and co-workers have extensively investigated the Mukaiyama aldol reactions of silylketene
acetals derived fromt-butyl thioacetate9and benzyloxyacetoaldehyde10, which are effectively catalyzed
by bis(oxazoline)–Cu(II)-derived complexes.9 This well documented reaction was selected as a probe to
explore the influence of chelate size on the selectivity of our bis(oxazoline) ligands.

Thus, benzyloxyacetoaldehyde was treated with the trimethylsilyl enolate of the thioester in the
presence of catalysts (0.1 equiv.) derived from the bis(oxazoline) ligands and Cu(OTf)2 at −78°C for 4 h,
as described by Evans et al. As shown in Table 1, the use of the ligand5 with a methylene spacer resulted
in the preferential formation of the (R)-isomer in 92% ee, while the ligand with an ethylene spacer7
gave the (S)-isomer (80% ee) preferentially. A similar trend for the reversal of the enantioselectivity
was observed with the more congested ligands6 and8, although the selectivity was moderate. Thetert-
leucinol-derived bis(oxazoline) ligands with methylene and ethylene spacers were similarly explored for
the sake of comparison. The bis(t-butyl-oxazoline) ligand with methylene spacer12 gave the (R)-isomer
in 64% ee,10 while the ethylene spacer ligand13 was nearly ineffective.

The reversal of enantiofacial selectivity observed can be rationalized by taking into account the geo-
metrical change in aldehyde coordination in the equatorial-equatorial to the apical-equatorial positions
on the pyramidal metal geometry, which is dependent on the ring size of the chelates (Fig. 1). Such
a geometrical change in the bis(oxazoline)–metal catalysts has a precedent and has extensively been
discussed by Evans et al.11 Alternatively, the reversed selectivity can be explained by the tetrahedral and
square planar geometries of the transition Cu(II)-complexes, as in the hypothesis proposed by Jørgensen
et al.12 The former rationalization appears to be more likely, based on the small differences in the ESR
spectra of the bis(oxazoline)5- and7-Cu(II)–aldehyde complexes.13

Thus, the transition metal complexes derived from5 and7 adopt the pyramidal geometries14 and15,
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Table 1
Enantioselective aldol reactions catalyzed by bis(oxazoline)–Cu(OTf)2 complexes

respectively, as depicted in Fig. 1. The silyl enol ether preferentially attacks the aldehyde from the less
hindered enantio-faces to give the (R)- and the (S)-isomers from14and15, respectively.

Figure 1.14

The results herein suggest that, in the case of an aldol reaction catalyzed by bis(oxazoline)–Cu(II)
complexes, the spacer length between the sterically congested oxazoline rings has a considerable effect
on the chiral environment at the catalytic site, thus resulting in the reversal of enantioselection. Further
study is now under way.
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