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Introduction

Dimerization of terminal alkynes with low valent transition metal complexes is attractive for
the formation of metal]acyclopentadienesl. However, highly regioselective formation of an isomer
of the metalacyclopentadiene is not still an easy task. Formally, a reaction of low valent metal
“M” with 2 equiv of termianl alkyne can furnish three possible isomers of the corresponding
metalacycles. In most cases, 2,4-disubstituted metalacycle is produced as a major isomer from

terminal arylalkynes."*

Only limited examples of highly regioselective formation of
metalacyclopentadiene have been reported so far. Reactions of arylalkynes with a titanium
complex having pyridine diamide ligand'® or CpRu(O=PMe3)lj produced the corresponding
2,5-disubstituted isomers as single products in high yields. In the case of zirconium, Erker
reported that phenylacetylene reacted with diphenylzirconocene by photolysis or with
r*-butadienylzirconocene By thermolysis to give three isomers.”

Cyclopentadienyl and indenyl ligands have been used as an inert ligand on transition metals for
long time. However, recently several carbon-carbon bond formation reactions of cyclopentadienyl
ligand have been reported.’ First example for the coupling ¢f cycloperntadienyl ligand with a diene
moiety of metallacyclopentadienes was reported by Rosenthal in the case of titanium. Titanium
dihydroindene complexes were formed. Recently our group has reported the coupling of Cp
ligand with the diene moiety of titanacyclopentadienes followed by the C-C bond cleavage giving
benzene derivative or substituent migration affording indene derivative. Such coupling reactions
did not proceed in the case of the Zr analogs.

To the best of my knowledge, there is no example neither for selective dimerization of terminal
arylalkynes using Zr nor coupling of the ligand with the diene moiety of zirconacyclopentadienes.
In this work, I found selective coupling of terminal arylalkynes on Zr and also coupling reaction

of an indenyl ligand with a diene moiety of bis(indenyl)zirconacyclopentadienes.

1. Regioselective Dimerization of Terminal Arylalkynes on Indenvlzirconium Complexes.
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The reaction of Cp,ZrBu, (Negishi reagent) with terminal arylalkynes afforded a mixture of
products. However, when terminal arylalkynes reacted with Inds;ZrH in toluene at room
temperature for 24 h, only a single isomer of 2,5-diarybis(indenyl)zirconacyclopentadiene was
formed in high regioselectivity. After hydrolysis, the corresponding 1,4-diarylbutadiene was
obtained. Ind,Zr(COY), could give a similar result when the reaction was carried out at 80 °C for 6
h. The other isomers were not observed.

2,5-Di(3-thienyl)bis(indenyl)zirconacyclopentadiene was isolated as crystals and determined by
X-ray analysis. However, no n-stacking interaction was observed between 3-thienyl group and
indenyl ligand in the crystal structure. n-Stacking interaction between 3-thienyl group and indenyl
ligand may exist in the intermediate of the reaction. Such interaction could control the orientation
of arylalkyﬂes. Probably some other reason, such as electrcnic factor of aryl group could explain

the selective dimerization of arylalkynes on indenylzirconium complexes.

2. Coupling of Indenyl Ligand with Diene Moiety of Bis(indenyl)zirconacyclopentadienes.

Very recently, our group has reported coupling of Cp ligand with diene moiety of
bis(cyclopentadienyl)titanacyclopentadiene to give indene derivative in high yield in the presence
of TiCl,.* The similar reaction in the case of Zr analogue showed very low reactivity. However,
When a reaction of bis(indenyl)zirconacyclopentadiene with titanium tetrachloride was carried out
at r;)om temperature, the corresponding fluorene derivative was obtained via coupling of the
indenyl ligand with the diene moiety in high vield. The reaction at low temperature gave the
corresponding dihydrofluorene derivative after hydrolysis. The similar coupling reaction occurred
with  zirconacyclopentadiene having substituted cyclcpentadienyl ligand to afford the

corresponding indene derivative.

3. Investigation of Reactivity for the Coupling of Ligand with the Diene moiety of

Metallacyclopentadienes
The reactivity for the coupling of the ligand with the diene moiety of

bis(cyclopentadienyl)titana-, zirconacyclopentadienes and bis(indenyl)zirconacyclopentadiene
was investigated. The bond distance between: ligand and diene moiety, steric effect of ligand and
reagent effect are the important roles for the coupling reaction probably. Titanacyclopentadienes,
which have much shorter bond distance between Cp ligand and diene moiety, showed high
reactivity. Although zirconacyclopentadienes have longer bond distance between ligand and diene
moiety, the reactivity was affected by the steric effect of ligand. Bulky ligands such as Ind and
tert-BuCp could give high reactivity in the reaction. Moreover, the main role of TiCl, was a kind

of oxidant in the coupling of coupling of ligand with diene rnoiety.

Conclusion

In this work, novel reactions mediated by indenylzirconium complexes were developed. Firstly,
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highly regioselective dimerization of arylalkynes was achieved when terminal arylalkynes reacted
with Ind;ZrH or Ind,Zr(CO),. Furthermore, Coupling of indenyl or substituted cyclopentadienyl
ligand with the diene moiety of bis(indenyl)- or bis(substituted
cyclopentadienyl)zirconacyclopentadienes in the presence of TiCl, proceeded to form fluorene
derivatives or indene derivatives in high yields. Finally, the reactivity for the coupling of ligand

with the diene moiety of zirconacyclopentadienes was investigated.
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