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Development of Novel Preparative Method of
Five-Membered Ring Compounds Using Zirconacycles
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Synthesis of five-membered ring compounds from simple starting materials is of
great interest in synthetic chemistry. Zirconacycles have attracted much attention for
the construction of cyclic compounds since they are easily prepared by inter- or
intramolecular selective coupling of unsaturated compounds with Cp2Zr(Il). In order to
prepare five-membered carbocycles from zirconacycles, one carbon unit building block
and two carbon-carbon bonds formation are required. So far, only a limited number of
reactions are known. My work was focused on development of new methods for the
construction of five-membered ring compounds from zirconacycles. To achieve this
purpose, it is necessary to look for suitable one carbon unit which reacts with
zirconacycles and affords two new carbon-carbon bonds. Therefore, I designed new
reaction types of five-membered ring formation and investigated the following three
combination reactions for the formation of two new carbon-carbon bonds: I)
Combination of Michael addition and Michael addition; II) Combination of coupling
reaction and Michael addition; III) Combination of nucleophilic attack and nucleophlic
attack. This thesis included 8 chapters. The first chapter introduced the general
chemistry of zirconacycles. Herein, I report the three type of reactions of zirconacycles
to form five-membered ring compounds, which were alternated in corresponding
chapter. .

() Michael Addition-Michael Addition Type: Formation of five-membered ring
compounds from zirconacycles via inter- and intramolecular Michael addition reaction
1) Reaction of zirconacyclopentadienes with alkyl propynoates ( Chapter 2)

The reaction of zirconacyclopentadienes with propynoates gave cyclopentadienes. In
this reaction, the formation of two new carbon-carbon bonds proceeded at one carbon
of the triple bond in the propynoate to give cyclopentadiene derivatives (1,1-
cycloaddition). This was in sharp contrast to the case with CuCl which showed 1,2-
cycloaddition of zirconacyclopenta-dienes to substituted propynoates giving benzene
derivatives. The mechanism of the formation of cyclopentadienes involves the
following steps: i) Michael addition; ii) protonolysis of enolate; and iii) Michael
addition. It is noteworthy that this is the first example of direct Michael addition of
organozirconium compounds.

2) Reaction of oxazirconacyclopentenes with alkyl propynoate (Chapter 6)
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In order to extend this reaction pattern, oxazirconacycles were used. Reaction of
oxazirconacyclopentenes, which are easily prepared by coupling reaction of zircona-
cyclopentenes with ketones, with alkyl propynoate in the presence of CuCl gave 2,5-
dihydrofurans in high yields. It is interesting to report that this reaction did not proceed
without CuCl.

(II) Coupling Reaction-Michael Addition Type: Formation of five-membered ring
compounds from zirconacycles via cross-coupling reaction followed by Michael
addition

1) Reaction of zirconacyclopentadienes with iodopropenoates (Chapter 3)

The preparative method of cyclopentadienes by Michael addition-Michael addition
type reaction described above had a critical limitation. Only alkyl substituted
zirconacyclopentadiene could be used. In order to develop more general procedure to
prepare cyclopentadienes, coupling reaction-Michael addition type was investigated.
Reaction of zirconacyclopentadienes with iodopropenoates in the presence of CuCl (2
eq.) at room temperature gave cyclopentadiene derivatives. Symmetrically and
unsymmetrically substituted monocyclic as well as bicyclic zirconacyclopentadienes
bearing alkyl and aryl groups afforded cyclopentadiene derivatives in high yields. The
reaction proceeded by coupling reaction followed by Michael addition.

2) Reaction of zirconacycles with iodocycloenones: Spiroannulation (Chapter 3)

The coupling reaction-Michael addition type reported above was applied for the
formation of spirocyclic compounds. As expected, the reaction of zirconacyclo-
pentadienes with iodocycloenones gave spirocyclic compounds in high yields.
Moreover, zirconacyclopentenes, zirconacyclopentanes and oxazirconacyclopentenes
also reacted with iodocycloenones to afford the corresponding spirocyclic compounds.
(IIT) Nucleophilic Attack-Nucleophilic Attack Type: Formation of five-membered
ring by two nucleophlic attacks

One of the most attractive method is a nucleophilic attack-nucleophilic attack type
to various electrophiles. Zirconacycles reacted with acid chlorides in the presence of
CuCl to afford five-membered ring compounds (described in chapter 4). However,
esters do not react because the nucleophilicity of the carbon attached to zirconium or
copper is not high enough to react with esters. One of the possible way to circumvent
this difficulty is the use of diiododiene-dilithiated diene path. Dilithiated diene is
possible to react with ester to give five-membered ring compound. However, the major
drawback to this route is the preparation of diiododiene from zirconacyclopentadiene.
Usually, diiodination of zirconacyclopentadienes in THF always gave some amount of
monoiododienes even though a large excess amount of iodine was used. Therefore
development of a novel preparative method of diiododienes from zirconacyclo-
pentadiene was investigated. Treatment of zirconacyclopentadienes with two
equivalents of iodine in the presence of one equivalent of CuCl in THF under mild
reaction conditions gave diiododienes very cleanly. Five-membered ring formation
using diiododienes was demonstrated (Chapter 5).

In addition, a selective one carbon-carbon bond formation reaction of
zirconacyclopenta-dienes with alkynyl iodides which gave stereo-defined highly
substituted diene derivatives was investigated in chapter 7. Chapter 8 afforded some
results of zirconocene mediated cyclization of 2-chloro-a, w-enynes.
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