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We have initiated a program to study methods of
asymmetric synthesis using ferrocene complexes which
possess planar chirality. Our studies require a versatile
method for the synthesis of this class of molecules which
will enable us to prepare a variety of derivatives with
only minor modifications of the route. Ferrocene com-
plexes which possess planar chirality have been known
for some time and have most often been prepared in
nonracemic form by classical resolution.!”3 However, this
method has practical limitations in that the resolution
procedure must be modified for each substrate, and is
consequently time consuming if a variety of molecules
are to be synthesized. We have therefore investigated
an asymmetric synthesis of these molecules which relies
on the directed metalation of chiral ferrocenyloxazolines.
We have been able to achieve high yields and high levels
of diastereoselection in this reaction. While our work was
in progress, Kagan described a related reaction which
utilizes a chiral ferrocenyl acetal to direct the metala-
tion.*

The ortho lithiation of ferrocenes is known to be
directed by a variety of hetercatom-containing groups,
including achiral oxazolines.® Chiral oxazolines have
been shown by Meyers to be effective asymmetric induc-
ing agents for a number of reactions,® and we reasoned
that they may also induce asymmetry in the metallation
of ferrocenes. We therefore synthesized the ferrocene
derivatives shown in Table 17 and examined their dia-
stereoselectivities in the metalation reaction. Standard
metalation conditions were employed for all of these
substrates. Accordingly, the chiral oxazolines were
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treated with 1.2 equiv of sec-butyllithium at —78 °C in
THF for a period of 2 h followed by 5 min at 0 °C to
ensure complete metalation. The lithiated species were
then trapped with trimethylsilyl chloride at 0 °C, and
the reaction mixture was allowed to warm to room
temperature to produce the TMS-substituted ferrocene
derivatives with the diastereoselectivities shown in Table
1. Some interesting trends are apparent from this data.
First, the reaction seems to be governed predominantly
by steric effects; as the group on the oxazoline becomes
larger, the selectivity increases (compare entries 1—4),
with a tert-butyl group providing the highest level of
selectivity (36:1, 83—96% yield) and excellent yields.
Second, additional heteroatom coordination does not
appear to enhance the selectivity of this reaction (com-
pare entries 4—8), a result which we found surprising in
light of the work of Meyers where a substantial increase
in selectivity has been observed upon heteroatom coor-
dination.®

The sense of asymmetric induction was determined by
correlation with an authentic sample prepared by the
method of Ugi (Scheme 1). (8)-(—)-N,N-Dimethyl-1-
ferrocenylethylamine ([alp = —11.3°, ¢ = 5.1 mg/mL,
EtOH)! was metalated and trapped with methyl iodide.?
The dimethylamino group was then substituted for an
acetoxy group by treatment with acetic anhydride at
room temperature. The acetate group was removed with
LAH and the resulting alcohol oxidized to the ketone®
with NMO in the presence of a catalytic amount of
TPAP.!* This material displayed a specific rotation of
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+486° (¢ = 8.69 mg/mL, CH;Cl,) and was compared with
that derived from the tert-butyl-substituted ferrocenyl-
oxazoline prepared by metalating and trapping with
methyl iodide to provide the substituted ferrocene. The
nitrogen of the oxazoline was then alkylated with methyl
iodide in nitromethane at 50 °C and then reduced with
K-Selectride (Aldrich) to provide a labile aminal which
underwent hydrolysis to the corresponding aldehyde
upon treatment with Amberlyst 15 in wet THF (Scheme
2).11 Addition of methyllithium to this aldehyde provided
a 4:1 mixture of diastereomeric alcohols which were
oxidized to the desired ketone with NMO in the presence
of a catalytic amount of TPAP. This material displayed
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a specific rotation of —444° (¢ = 2.3 mg/mL, CH;Cly)
indicating that the absolute stereochemistry is the op-
posite of that derived from the material prepared by the
method of Ugi.!?

In summary, the ferrocenyloxazoline derived from tert-
leucine is a valuable precursor for the synthesis of
asymmetrically disubstituted ferrocenes with planar
chirality. It is easily synthesized by condensation of
ferrocenecarbonyl chloride and tert-leucinol, followed by
cyclization to the corresponding oxazoline. The directed
ortho lithiation of this substrate proceeds with high levels
of diastereotopic group selectivity, and the resulting
lithiated intermediate can be trapped with a variety of
electrophiles. The oxazoline can be subsequently re-
moved in order to provide enantiomerically pure chiral
ferrocene derivatives for use as chiral reagents or ligands.
The origin of asymmetric induction in the metalation
reaction and the use of ferrocene complexes in asym-
metric synthesis are subjects of further investigations in
our laboratory.
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Supplementary Material Available: Complete spectral
characterization and experimental details for the syntheses
of all TMS-substituted ferrocenyloxazolines and their precur-
sors and the correlation of planar chirality (23 pages).
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(12) A similar analysis of the material derived from 9 provides
consistent results. Since the oxazoline of 9 has the opposite absolute
stereochemistry of the oxazoline derived from L-tert-leucine, it provides
the opposite enantiomer and the same enantiomer as the material
prepared by the method of Ugi.



