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Model Complexes of Catalyzers for Asymmetric Hydrogenation. I.

Crystal
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It has recently been shown that the complexes of
bis(dimethylglyoximato)cobalt(II) and optically ac-
tive amine (abbreviated to Co(DMG),-amine) catalyze
asymmetric hydrogenation of olefins, a-diketones and
a-keto carboxylic esters.!-% Optical yields vary with
the amine and solvent. From chemical consideration
and CD and NMR spectra, these complexes seem to
have a structure® as shown in Fig. I. The Co(DMG),
plane is twisted by hydrogen bonding between one
of the oxygen atoms of DMG and the hydroxyl group
of amine. The direction of this twist is determined by
the absolute configuration of the optically active amine.
Asymmetry around the cobalt atom caused by the
twisted plane is transferred to the products at a certain
stage of catalytic reaction. The present work has
been undertaken to examine this hypothesis and to
give a structural explanation to the mechanism of
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asymmetric hydrogenation.

The crystal structure of the title compound CyHgs-
N,O;Co was determined by X-ray method. Crystal
data; M=556.51, monoclinic with ¢=13.31, $=8.84,
¢=23.90 A, B=108.0°, V=2673.2A3, Z=4. The
density calculated is 1.37 g/cm®, while that measured
by flotation is 1.38 g/cm3. Systematic absence of
reflections is 0k0 for £=2n+1, the space group being
P2,. The molecular arrangement, however, seems to
have an approximate P2;/c symmetry because A0l
reflections are very weak for [=2n-+41. A total of
2127 independent reflections were collected on Weis-
senberg photographs using CuK« radiation. Intensities
were measured visually. Correction for Lorentz and
polarization factors was applied as usual but not that
for absorption.
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At first an approximate P2;/c symmetry was ten-
tatively assumed. Atomic positions were easily ob-
tained by the heavy atom method and refined by block-
diagonal least-squares. After three cycles of the least-
squares, an electron density was calculated, where the
peaks for the amine were broader and lower than those
of the others. This suggests that in the two crystal-
lographically independent complexes the f-cyanoethyl
and the Co(DMG), groups are related almost strictly
by a c-glide plane, but not the amine ligands. Thus
a trial structure based on P2; was constructed, in which
the atomic parameters of the former two groups were
taken from the refinement based on P2,/c, those of
the optically active amine being obtained by resolving
the average structure. Further refinement was carried
out by block-diagonal least-squares. Anisotropic tem-
perature factors were taken into account for the
cobalt atom and all other atoms were constrained to
isotropic motion. The final R factor was 0.14. The
estimated standard deviations of bond distances and
angles are 0.02—0.04 A and 2—3°, respectively.

Structures of two crystallographically independent
complexes are identical to each other within standard
deviations. Figure 2 shows one of these complexes

Fig. 2.

projected along the b axis. The Co(DMG), groups
are planar within standard deviations except for the
methyl groups. Two methyl groups above the two
benzene rings are slightly shifted upward to avoid
short contact with the benzene rings. Figure 3 shows
the complex viewed along N(1)—N(2). The plane of
Co(DMG), except the methyl groups makes angles
of 13° and 15° with the benzene ring A and B, respec-
tively. The distances from the centers of the rings
to the Co(DMG), plane are 3.59 A for A and 3.91 A
for B. The average Co-N distance and N-Co-N
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angle for the equatorial ligands are 1.89 A and 82°,
respectively. The axial Co-N distance is 2.08 A and
the Co-C distance is 2.04 A. These distances and
angles are close to those of alkyl cobaloxime.®) The
axial Co-N and Co-C bonds make angles of 84° and
85° with the Co(DMG), plane, respectively. The
other distances and angles also agree with the values
published.

As to the conformation of amine, O(5) and N(5)
atoms are frans as shown in Fig. 3. Thus contrary
to expectation, there is no hydrogen bonding between
the oxygen atom of DMG and the hydroxyl group of
amine. The hydroxyl group does not make any hy-
drogen bonding with neighbouring complexes.

Any distance between non-bonded atoms, within
the complex and between neighbouring ones, is not
abnormally shorter than the usual van der Waals
contact.

The structure of the complex obtained here is dif-
ferent from the assumed structure shown in Fig. 1.
However, it does not seem that the mechanism of
asymmetric induction could be revealed with the
present structure, since the asymmetry of amine would
have no effect on active site of the cobalt atom. An
alternative explanation might be as follows. The
complex coordinated by the amine of gauche confor-
mation probably exists in solution, which might
catalyze asymmetric hydrogenation.
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