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Chapter 1
A General Introduction to Zirconocene Chemistry in Organic Synthesis

Application of transition metals in organic synthesis is the
characteristics of modern organic chemistry. Intense current interest has been
paid to the development of new methodology in which the selectivity (including
chemo-, regio-, diastereo-, and enantio-) of carbon-carbon bond formation is
controlled by a transition-metal template. Focusing on the reaction chemistry
of low valent zirconocene compounds involving a unit of [CpzZr], this chapter is
intended to briefly introduce new advances of zirconocene chemistry in organic
synthesis.

Chapter 2
Highly Selective Formation of Zirconacyclopentadienes from Two Different Alkynes
via Zirconacyclopentane. Reaction and Crystal Structure of Zirconacyclopentane

Preparation and study of unsymmetrically substituted
zirconacyclopentadienes 3 of two different alkynes are of great interest from
the point of view of application as well as synthetic methodology. Selective
cross-coupling and complete suppression of homo-coupling have been targeted. A
practical procedure for the preparation of 3 has been developed via highly
selective alkyne-alkyne cross coupling reactions using Cp:ZrBu: and ethylene gas
(Scheme 1). Firstly, alkynes were treated with 1.2 equiv. of Cpz:ZrBu: (Negishi
reagent) under ethylene gas to give zircohacyclopentenes 2 with high selectivity.
Subsequent addition of a second alkyne to the solution of zirconacyclopentenes 2
at 50°C gave 3 selectively. After hydrolysis substituted butadienes 4 were
obtained in high yields. The intermediacy of zirconacyclopentane 1 plays a very
important role in the selective and high-yield formation of 2 and 3.

An inserition reaction of aldehydes into zirconacyclopentanes 1 under
an atmosphere of ethylene forming 7-membered oxozirconacycloheptanes 5 is also
reported in this chapter as the first example of this kind (Scheme 2). Bicyclic
zirconacyclopetanes were also found undergoing the same addition reaction with
aldehydes.

In addition, the structure of a zirconacyclopentane containing Zr(CsHs)
has been characterized by single crystal X-ray analysis. Results are described

in the third section of this chapter.
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Chapter 3
Highly Selective Formation of Benzene Derivatives from Three Different Alkynes
Formation of benzene derivatives by cyclotrimerization of alkynes in
the presence of transition metal complexes has been extensively and intensively
studied. However, this chemistry is still of great current interest, since
there is a crucial problem concerning regio- and chemo-selectivity of the
cycloaddition reaction of different alkynes. In this chapter a selective one-
pot aromatization reaction of three different alkynes is reported. Benzene
derivatives 6 are formed selectively and with high yields by the cycloaddition
reaction of zirconacyclopentadienes 3 with a third alkyne in the presence of

CuCl (Scheme 3). Selective formation of 3 (as described previously in Chapter 2)



and then transmetalation of Zr-C bonds for Cu-C bonds are the key steps.

Scheme 3
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Chapter 4

Reaction of Zirconacyclopentane and Zirconacyclopentene with Acid Chloride in
the Presence of CuCl: Formation of Five-membered Carbocyclic Rings
Zirconacyclopentanes reacted with RCOCl in the presence of a catalytic
amount of CuCl to give cyclopentene derivatives 7 (Scheme 4). Similarly,
zirconacyclopentenes reacted with RCOCl in the presence of a catalytic amount of
CuCl to give cyclopentadiene derivatives 8 (Scheme 4). These reactions provide
synthetic methods for the preparation of five-membered carbocyclic rings, which,
especially cyclopentadiene derivatives, have been widely used for organometallic

complexes as ligands.
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Reaction mechanisms, especially when the reaction of
zirconacyclopentenes is concerned, are also discussed in this chapter. An
intramolecular 1,4-addition is likely involved in the reaction of
zirconacyclopentenes, as indicated by the formation of vinylcyclopropane

derivatives (Scheme 5).
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Chapter 5
Pauson-Khand Reaction: Zirconium Analogue. Preparation of «, f-Disubstituted
Cyclopentenone by Intermolecular Coupling of an Alkyne, EtMgBr (or Ethylene) and
Co

Cyclopentenone is one of the most important building blocks in organic
synthesis. The Pauson-Khand reaction has been accepted as the most powerful
method for cocycloaddition of alkynes, alkynes, and carbon monoxide to form
cyclopentenones using cobalt carbonyl complexes. However, when an
intermolecular Pauson-Khand reaction using ethylene as one of the three
components is carried out, high pressure and high temperature are normally
required, furthermore, yield of cyclopentenone is usually very low. By taking
advantage of the selective formation of zirconocyclopentenes 2, functionalized o
B -substituted cyclopentenones of the type 9, type 10, and type 11 have been

prepared in high yields and high selectivity by intermolecular cycloaddition of

alkyne, ethylene, and CO, under a mild reaction condition (Scheme 6). In
addition, bridged biscyclopentenones have been prepared by a similar procedure.
Scheme 6
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Chapter 6
Zirconocene Catalyzed or Mediated Vinylation-Cyclization Reaction
Intramolecular Heck reaction has been well known. This chapter
describes the first example of an early transition metal catalyzed
intramolecular cyclization reaction (Heck type). 2-Chloro-1,4,7-octatriene
derivatives and 2-chloro-1,4,6-heptatriene derivatives cyclized in the presence
of a catalytic amount of Cp:ZrCl: and 3 equiv’of n-BuMgCl to give 4-methylene-5-
methylcyclohexene derivatives and 4—methylene-3—methylcyclopentene derivatives,
respectively, in good to high yields after treatment of the reaction mixture
with HCL aq. (Scheme 7). Stoichiometric cyclization reaction of these compounds
with Cp2:ZrBu: also gave the same products in high yields after hydrolysis.

Mechanisms of this catalytic reaction are proposed.

Scheme 7
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Chapter 7
Zirconocene-Mediated Novel Rearrangement of Bis(alkynyl)silanes: Formation of
exo-Alkylidene Silacyclobutene Derivatives

Carbon-carbon bond forming reactions from diorganometal compounds have
been well known for transition metals, however, this type of reaction has been
very rare for diorganosilicon compounds. Treatment of bis(phenylethynyl)
diphenylsilane with zirconocene(II) species and iodine afforded 1,4-diphenyl-1,
3-butadiyne 13 in 95% yield (Scheme 8). It has been made clear that an

intermediate 12 of zirconacyclobutene moiety fused with a silacyclobutene ring




is formed. One of the four-four fused bicyclic intermediates 12 has been
structurally confirmed by X-ray crystallography. Depending on substitutents at
the terminal of acetylenes of starting materials, exo-alkylidene
silacyclobutenes with ethyl incorporation or without ethyl incorporation have
been obtained in high yields after hydrolysis.

In the second section of this chapter, the author also reports the
first example of an intramolecular C-C triple bond insertion into a
zirconacyclopentadiene, then a novel rearrangement leading to the formation of
the first example of a l-zirconacyclohexa-2,4-diene compound fused with a moiety
of silacyclobutene 16 (Scheme 9). Hydrolysis of 16 generated exo-alkylidene
silacyclobutenes 17 in high yields. The structure of one of the intermediates

16 has been confirmed by X-ray crystallography.
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Chapter 8
Intermolecular Coupling of Alkyne with Vinyl Bromide via Carbon-Carbon Bond
Cleavage and Skeletal Rearrangement

Modern organic chemistry is widely considered to have been born when
formation of new carbon-carbon bonds was obserbed via carbon-carbon bond
cleavage and rearrangement. Organometallic compounds or intermediates have
been found to be very important for controlling selectivity of such
rearrangement reactions. This chapter describes a novel intermolecular coupling
reaction of alkynes with vinyl bromide Via C-C bond activation and skeletal
rearrangement (Scheme 10). The structure of the most important intermediate 18

has been confirmed by X-ray crystallography.
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