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Abstract

Studies on structures and properties of organometallic compounds have been
admittedly regarded as a hot field of chemistry. In this thesis, the organometallic
chemistry is our subject. The formation of chiral Grignard reagent, the electronic
configuration of metallabenzene complexes, and the selective hydrogenation of
cinnamaldehyde by ruthenium hydride catalyst have been selected for our theoretical
studies. The main conclusions can be summarized as follows:

(1) The chiral Grignard reagent is a potential building block in stereo-selective
synthesis and can be used as a probe molecule in the mechanistic investigation.
However, there is no general synthesis approach for the preparation of chiral Grignard
reagent. Our calculations suggest that in certain conditions, the non-radical pathway
can indeed be dominant over the radical one such that the chirality in the reactant can
be retained in the product. We show that chloride is better than other halides in
maintaining its optical configuration. We suggest that Rieke Mg should be good for
reactivity as well as for stereoselectivity. Our calculations reveal that the vinyl system
i1s more optically stable than cyclopropyl and alkyl systems during Grignard reagent
formation.

(2) It is interesting that the six-membered metal-containing ring of
metallabenzene complexes always deviates appreciably from planarity. Previous
theoretical work suggests that the electronic driving force for the structural
nonplanarity of metallabenzene is mainly from the antibonding interaction between
d,. orbital of metal and the metal bonded ring-carbon atoms. We have provided here
an understanding on the planarity of metallabenzenes in terms of frontier orbital
interactions. We have shown that the electronic driving force toward a nonplanar
structure for metallabenzene complexes should be mainly from the antibonding
interaction between metal d,”.,’ orbital and ortho C-H/C-C bonds in oy. We suggest
that the introduction of different ligands and metal centers could affect the
antibonding interaction in oy, and then affect the structural planarity of

metallabenzene complexes.
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Abstract

(3) Many research efforts have directed at improving the selective
hydrogenation for C=0O group of o,f-unsaturated aldehydes. We have proposed a
computational methodology which can describe the structures and thermodynamics of
ruthenium hydride catalytic systems reasonably. Base on this methodology, we
suggest that the steric hindrance of reactant and catalyst is crucial for the selectivity in
the hydrogenation of o,/-unsaturated aldehydes. And then we indicate that the steric
hindrance of catalyst could be affected by the pH value in catalytic system. We have
shown that the ruthenium hydride species with the coordination of two phosphine
ligands can be as the active catalyst in acidic medium, which is active for the
hydrogenation of C=C and C=0O groups both. Thus, the final product should be the
saturated aldehyde with the hydrogenation of C=C group affected by thermodynamics,
although the hydrogenation of C=O group is slightly more favorable in kinetics.
However, our calculations show that the active catalytic species in basic medium
should coordination with three phosphine ligands, which has the bigger steric
hindrance than the one in acidic medium. We have shown that the hydrogenation of
C=C group is not permitted in kinetics by the effect of steric hindrance. Thus, the

final product should be unsaturated alcohol with the hydrogenation of C=0 group.

Keywords: Organometallic chemistry, Grignard reagent, Chiral, Metallabenzene,
Orbital interaction, Structural planarity, Ruthenium hydride catalyst, Cinnamaldehyde,
Selective hydrogenation, Steric hindrance, Mechanism, Density functional theory

(DFT).
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