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1. General introduction to the combination of C-C bond formation with C-C bond cleavage.

C-C bond formation and cleavage helped by transition metals are producing more and more
methods to construct carbon skeletons. Transition metals mediated C-C bond formation reactions
have been well developed in the past several decades. However, C-C bond cleavage is a challenging
target.

In the previous contributions, some useful carbon skeletons can be constructed by the combination
and cooperation of C-C bond formation with C-C bond cleavage of Cp ligand. However,
mechanisms of these reactions have not been well studied. In his work, he mainly focused on the

mechanical investigations.
2. Mechanical investigations of C-C bond formation and cleavage of Cp ligand on Ti

In this chapter, tetrasubstituted titanocyclopentadienes 1 and 3a,4,5,6-terasubstituted titanium
dihyroindenyl complexes 2 both reacted with carbazole to give a mixture of 1-methylstyrene and
allylbenzene derivatives. The cyclic 5C of Cp was cleaved to linear, 2C coupled with diene moiety to
form benzene ring, the other 3C were in chain outside. This type of framework is highly consistent

with the proposed key titanium carbene intermediate 4 of the previous study.
3. Investigation of the reactions of 1 and 2 with amides.

In this chapter, further investigations of the double C-C bond cleavage of benzene formation
reaction were carried out. He found that besides nitriles, amides reacted with 1 could also give
benzene derivative products. Unlike the nitrile case, in the reaction of amides with 2, only a little
amount of benzene derivative products were obtained, however, seven-membered ring compound

was formed as the major product. Through the investigation of reactions of 1 and 2 with amides, he
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recognized that 4,5,6,7-tetrasubstituted titanium dihydroindenyl complexes 3 maybe the real
intermediate for the benzene formation reaction. Moreover, 7-membered ring product which was
prepared from the reaction of 2 with amide, gave another evidence for the titanium carbene

intermediate 4.
4. C-C bond coupling reactions of titanium complexes through insertion of Ti-C.

In his studies, using same reagents such as trityl chloride and phenyl isocyanate could trap both
titanium complex 3 and 2, and various C-C bond coupling products were obtained from the reactions
of 1 and 2 with various reagents in moderate to high yields respectively. These results also give

necessary evidences to the proposed mechanism.
5. Novel reactions of zirconacyclopentadienes and hafnacyclopentadienes with o-quinones.

In this chapter, when aryl zircona- and hafna-cyclopentadienes reacted with o-quinones, one novel
four-atom insertion reaction of zircona- and hafna-cyclopentadienes with o-quinones was discovered.
Various air-stable nine-membered zircona- and hafna-cycles were obtained in moderate to high
yields. This is the first example of four-atom insertion to zircona- and hafna-cyclopentadiene. Even
for other metallacycles, four-atom insertion has not been seen before. However, if the substitutes on
zircona- and hafna-cyclopentadienes were changed to alkyl, no such nine-membered products were

obtained, four-membered metal-free products were formed in moderate yields.
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