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Reaction of zirconacyclopentadienes mediated
or catalyzed by nickel or cobalt

(o nigansiv b z2lHnweEInvariruay ¥y Iy ORIE)
FNEwLABEOER

Introduction

Zirconacyclopentadienes have long been believed to be inert for further C-C bond
formation. Since the first example of transmetalation of zirconacyclopentadiene to Cu,
various C-C bond formation reactions of zifconaCyclopentadiene have been investigated.
Recently our group developed transmetalation to Ni for benzene formation. I believed thz;t
this method should be further developed. Then, it was decided to develop stoichiometric and
catalytic = reactions using Zr-Ni system. Furthermore, transmetalation from
zirconacyclopentadiene to Co (II) was also examined.

1 Transmetalation from zirconacyclopentadienes to Co (III)

Chemistry of cobaltacyclopentadiene has been developed in 1970’s. Considering
versatile reactivity of cobaltacyclopentadiene, I attempted formation of it from
zirconacyclopentadiene. Transmetalation of zirconacyclopentadiene to complex
CpCo(PPh;)I; proceeded in toluene. However, it afforded (cyclobutadiene)cyclopentadienyl
cobalt (I) complex, CpCo(CRs). | |
2 Novel cyclization reaction of zirconacyclopentadienes mediated by Ni (II)

2.1 Selective formation of iminopyridines from azazirconacyclopentadiene

Although a lot of effort has been done on preparation of iminopyridine derivatives, there
is a critical problem for the selective intermolecular coupling of two different alkynes with a
carbodiimide.- Selective preparation of iminopyridine from two different alkynes and a
“carbodiimide was achieved by a novel procedure in which an alkyne and a carbodiimide
couple first to give an azazirconacycle followed by reaction with the second alkyne in the
presence of 1 equiv. of NiCl(PPh;),. The origin of the regioselectivity comes from addition
order of two different alkynes.
2.2 Reaction of zirconacyclopentadienes with alkenes mediated by Ni (II)
Reaction of zirconacyclopentadienes with alkenes mediated by Ni (II) complex was

investigated. All of the reactions were carried out at rt in THF in the presence of
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stoichiometric amount of NiCl,(PPhs), complex. Starting from zirconacyclopentadiene,
1,3-cyclopentadiene, penta- or tetra-substituted benzene derivatives could be obtained in
moderate to good yields. More interestingly, when zirconacyclopentadiene reacted with an
excess amount of maleic anhydride in the presence of a stoichiometric amount of Ni (II) in
. THF, Diels-Alder product in endo-form was obtained.
Reaction of zirconacyclopentadienes catalyzed by Ni complex
While transmetalation from zirconacyclopentadiene to Ni (II) has been known for

several years, no catalytic Zr-Ni system has been reported. In this topic, novel methods for -
the Ni-catalyzed reaction of zirconacyclopentadienes were developed by oxidizing Ni (0)
generated in situ to Ni (II).
3.1 Coupling of zirconacyclope'ntadiene with two alkynyl halides

- When a zrconacyclopentadiene reacted with 2.0 equiv of alkynyl halides in the
presence of 10 mol% of NiXy(PPhs),, alkynylbenzene was formed. In this reaction, two
molecules of alkynyl halide were introduced into the product. Simultaneously, alkynyl halides
acted as oxidant to oxidize Ni (0) to Ni (II) and then catalytic cycle could be developed.
3.2 Penta-substituted benzene formation from zirconacyclopentadienes and allyl halide

Allyl halide was also checked for the catalytic reaction. - The reaction of a
zirconacyclopentadiene with 2.0 equiv allyl chloride gave benzene derivatives. When DCl
was used for quenching the reaction mixture, deturated compound was formed in 88% D
incorporation on methyl position (R = Et). When 1.0 equiv of allyl chloride was added, only
44 % of the desired product was obtained. In this reaction, reactant was acted as not only
providing carbon source, but also as oxidant making the reaction catalytic.

3.3 Selective benzene formation catalyzed by Ni in the presence of CH;Br,

It was found that CH,Br, was the best oxidant  for reaction of
tetraethylzirconacyclopentadiene and 4-octyne using NiBr(PPh;),. catalyst in THF at rt.
Compared with NiClL(DPPE), NiCl,(DPPM), and NiCl,;(PPhs),, NiBr,(PPhs), gave the best
result. Ni(COD),/2PPh; showed similar reactivity as NiBr,(PPh;),. In all cases, no
homo-coupling compounds of the third alkyne were observed. When CH,Br; oxidizes Ni (0)
to Ni (II), itself was turned into ethylene, which was confirmed by 'H and *C NMR. The
feature of this catalytic reaction is that oxidant and reactant is differentﬂ from each other.

3.4 Catalytic formation 6-acryl-1,3-cyclohexadiene from zirconacyclopentadiene

It is interesting if nickel can catalyze a reaction of a zirconacyclopentadiene with an
alkene. The reaction of a zirconacyclopentadiene with norbornene was checked first, but no
catalytic reaction could occur using Ni-CH,Br, system. Then vinyl ketone was examined. It
was found that a cyclic compound was provided from the reaction of a vinyl ketone with a
‘zirconacyclopentadiene catalyzed by Ni-CH,Br, system. Besides PPhs, dpbp, rac-binap,
yDPEphos and 2-phenyl-2-imidazoline were also effective as ligand. However, dppb was not
effective. It is also found that TMSC], instead of CH,Br;, could make the same reactions
catalytic. In this case, no phosphine ligand was needed.
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