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The X-ray crystallographic and CD spectral analyses of
CpICo(C4Ar4), 1 and 2, reveal that the (—)-menthyl group on a
C5 ring restricts the free rotation of single bonds between C4
ring and phenyl groups even in solution and induces a helical
chirality on the C4Ar4 moiety; complexes 1~4 provide the new
type of atropisomerism originating from freezing bond rotation
by a pin stuck from the C5 ring into a four-blade windmill on the
C4 ring.

Atropisomerism is referred to as an isomerism caused by
freezing internal free rotation about a single bond in a
molecule.!  Since the discovery of the stable isomers due to
restricted rotation,2 numerous examples of the atropisomers
have been reported.>> 4 Most of them are related to biphenyl
derivatives bearing at least one sterically hindered substituent,
which works on the restriction of rotation, at a position
neighbouring a pivot bond. In this paper we describe the new
type of atropisomerism originating from freezing bond rotation
by a pin in cyclopentadienyl(cyclobutadiene)cobalt complexes.”

Recently we have reported the first example of optically
pure planar-chiral cyclopentadienyl-cobalt complexes
CplCo(C4Ars), 1 and 2 (Scheme 1).6 The crystallographic
analysis has revealed that 1a has not only a planar (Cpl-M
moiety) and a carbon-centered [(—)-menthyl group] chirality but
also a helical chirality which is induced by a four-blade
windmill constructed with the four phenyl groups on a C4 ring.
In order to seek the origin of the helical chirality, we have now
carried out an X-ray crystallographic analysis for 2 and Circular-
dichromism (CD) spectral analyses for 1,2, and related
complexes.
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Figure 1. Molecular structure of 2c.

Unfortunately single crystals of 2a suitable for an X-ray
crystallographic analysis were not grown, but good crystals of
2¢ were obtained. Diastereomerically pure 2a and 2c clearly
show similar CD spectra which indicate that both have the same
absolute stereochemistry. The X-ray analysis informs that 2¢
has also three different chiralities in a molecule and the (-)-
menthyl group is located between two phenyl groups of the
windmill as found for 1a (Figure 1).7 Bond distances and
angles withirl 2c are similar to those of 1a except the orientation
of the carbonyl group on a C5 ring. The absolute
stereochemistries of planar (Cpl-M moiety) and helical (C4Ar4
moiety) chirality have been determined to be 1R and P,
respectively, based on the configuration of the (-)-menthyl
group. As expected, the former configuration, 1R, is opposite
to, whereas the latter, P, is the same as that of 1a. These facts
indicate that the menthyl group acts as a pin stuck into the
C4Ph4 moiety from the C5 ring, which restricts the internal
rotation of single bonds between C4 ring and phenyl groups,
resulting in the induction of a helical chirality of the C4Phy in
solid state.

CD spectral analyses have provided significant information
regarding the structures of 1a and 2a in solution. The CD
curve of 1a is quite different from that of 2a though a pair of the
diastereomers of related Cleh(cod) complexes,8 which have
planar and central chiralities but not a helical chirality, show a
pair of symmetrical CD curves. (Figure 2) However, the
enantiomer (+)-5 derived from 1a and the other, (-)-5, derived
from 2a show a pair of obviously symmetrical CD curves like
those of Cp'Rh(cod) complexes, clearly indicating that the
helical chirality found for 1a and 2a in solid state must be held
even in solution and removal of the pin (menthyl group) from a
cyclopentadienyl ligand resulted in loss of the restricted rotation
around pivot bonds on a C4Phy. In the IH NMR spectra of 1a
and 2a, resonances due to one of the two methylene protons on
the C6 position of a (—)-menthyl group appeared at § 0.57 and
0.38, respectively, also supporting the postulated structure in
solution. If the helical chirality is originated from freezing
bond rotation by the menthyl group even in solution, the CD
curves of complexes 3 and 4 having a (+)-menthyl group should
be the same as the mirror image of those of 1 and 2,
respectively, as a result that they form a pair of enantiomers in
respect of all the absolute stereochemistries found in the
complexes. Thus, Cp'Co(C4Ph4) complexes having a (+)-
menthyl group have been synthesized from Cp2H (Scheme 2).?
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Figure 2. CD spectra of 1a, 2a, a pair of diastereomeric Cp'Rh(cod) complexes (in CHCL),

and a pair of enantiomer (+)- and (-)-5 (in Hexane).

Results are summarized in Table 1 along with their melting
points and [a]p values. As predicted, 3 showed the
symmetrical CD curve to that of 1a. In addition, 3 and 1a show
the same melting points and the absolute values of [a]p,
indicating 3 and 1a to be a pair of enantiomers. The same
relation between 4 and 2a was also observed.

From the standpoint of freezing the rotation about the single
bonds between the C4 ring and the phenyl groups, the helical
chirality induced by four phenyl groups offers the new type of
atropisomerism. In this case, there are no sterically hindered
groups neighbouring a pivot bond, but the menthyl group on the
CS5 ring acts as a pin which restricts the free rotation of a pivot
bond and governs the absolute stereochemistry of the
atropisomers.
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