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While important advances have been made in the
development of chiral Lewis acid catalysts, the ultimate
goal of discovering a single catalyst that can effect a wide
range of processes with high levels of enantioselectivity
has not yet been achieved.1,2 We recently proposed a new
approach to chiral Lewis acid design in which a carbonyl
group is activated through simultaneous σ-symmetry
(oxygen lone pair) and π-symmetry (carbonyl π system)
interactions with a divalent Lewis acid; the activating
nature of the π-symmetry interaction defines the reactive
conformation of the substrate-Lewis acid complex (1).3
In our initial work in this area, we reported crystal-
lographic and spectroscopic studies that suggest that the
boron atom of (η6-borabenzene)Cr(CO)3 can function as
the required σ- and π-Lewis-acidic divalent metal.3 In
this paper, we describe the synthesis and the structural
characterization of a chiral (η6-borabenzene)Cr(CO)3 ad-
duct; to the best of our knowledge, this is the first
planar-chiral Lewis acid complex (Figure 1) that has
been prepared in enantiomerically pure form.

Our approach to the synthesis of an enantiomerically
pure (η6-borabenzene)Cr(CO)3-derived Lewis acid relies
on stereoselective complexation to Cr(CO)3 of one dia-
stereotopic face of a chiral borabenzene-ligand adduct
(eq 1).4 We prepared an enantiopure borabenzene
adduct

according to the pathway outlined in Figure 2.5 Thus,
treatment of stannacyclohexadiene 26 with LDA followed
by Me3SiCl affords stannacycle 3 in excellent yield.7
Transmetalation through treatment of 3 with BCl3 then
provides boracyclohexadienes 4 and 5.8 Finally, reaction

of this mixture of boracycles with an (S)-valinol-derived
oxazoline generates enantiopure borabenzene-ligand ad-
duct 6.
Adduct 6 appears by 1H NMR spectroscopy to be a

single atropisomer.9 The stereochemistry illustrated in
Figure 2 has been assigned by X-ray crystallography10
and is supported by NOE studies. Ab initio calculations,
as well as simple model building, suggest that isomer 6
is the more stable of the two possible atropisomers (by
3.38 kcal/mol [6-31G**]).11
We were pleased to discover that treatment of adduct

6 with (CH3CN)3Cr(CO)3 in THF at -78 °C cleanly
affords the Cr(CO)3-bound η6-borabenzene complex as a
single stereoisomer (eq 2; 9:1 selectivity at rt).12 We

established the structure of this complex by X-ray
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Figure 1. Planar-chiral Lewis acid complexes.

Figure 2. Synthesis of an enantiopure borabenzene-ligand
adduct.
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crystallography (Figure 3), which reveals that the Cr-
(CO)3 group is bound to the less hindered face of the
borabenzene ring. The dihedral angle between the
borabenzene and oxazoline rings is 66°, a conformation
that minimizes steric interactions between the Ph, SiMe3,
Cr(CO)3, and i-Pr substituents (Figure 4). Steric interac-
tions may also be responsible for the observed bending
of the SiMe3 group away from boron (Figure 3: ∠B1-
C1-Si1 ) 129.9(7)°). The B-N bond length in complex
7 is 1.529(12) Å. No other boron-bound oxazoline has
been structurally characterized,13 but this B-N bond
distance may be compared to distances reported for
boron-bound imino esters, which range from 1.52 to 1.63
Å.14 The relatively short B-N bond length in 7 is
probably attributable to the high Lewis acidity of the sp2-
hybridized boron orbital.15
In summary, we have prepared and structurally char-

acterized the first example of an enantiopure planar-
chiral Lewis acid complex; the key step in the synthesis
is a highly diastereoselective complexation of a chiral

borabenzene-oxazoline adduct to Cr(CO)3. In future
work, we will explore the application of this family of
complexes in asymmetric catalysis.
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Figure 3. ORTEP illustration, with thermal ellipsoids drawn
at the 35% probability level, of complex 7.

Figure 4. View of complex 7 along the N-B axis.

Communications J. Org. Chem., Vol. 62, No. 24, 1997 8287


