
Diamido and dichloro zirconium complexes having two
iminopyrrolyl ligands, Zr(NEt2)2(pyr)2 (2a–e) (pyr = 2-(N-
aryliminomethyl)pyrrolyl) and ZrCl2(pyr)2 (3a–e), were pre-
pared.  The cis-configuration of diamido and dichloro moieties
was elucidated on the basis of NMR spectroscopy as well as by
a crystallographic study for complex 3a.  We demonstrated that
these zirconium complexes became catalyst precursors for the
polymerization of ethylene in the presence of excess amounts of
methylaluminoxane.  

In recent years there has been increasing interest in the
development of polymerization of α-olefins using well-defined
transition metal complexes (single site catalysts).1–9 Some zir-
conium complexes having N,O-chelate ligands were recently
reported to be highly active ethylene polymerization cata-
lysts.10–12 As it is obviously noted that the combination of an
anionic non-Cp ligand and Group 4 metal has a capability to be
a catalyst precursor for polymerization and that the N,O- and
N,N-bidentate  ligands have  remarkable flexibility in
design,13–15 we have synthesized zirconium complexes bearing
five-membered N,N-chelating iminopyrrolyl ligands as ethylene
polymerization catalyst precursors.  

Bis(iminopyrrolyl)zirconium complexes, Zr(NEt2)2(pyr)2
(2a–e) (pyr = 2-(N-aryliminomethyl)pyrrolyl) were prepared by
the treatment of Zr(NEt2)4 with the corresponding imino-
pyrroles 1a–e16 in toluene to release two moles of diethylamine
(Scheme 1).17 In sharp contrast to the synthetic route starting
from Zr(NEt2)4, the reaction of ZrCl4 with the lithium salt of 1a
resulted in a complex mixture.  In the case of the reactions of
Zr(NEt2)4 with bulky ligands 1d,e, five coordinated complexes
2d,e predominantly formed, while the reactions with less bulky
ligands 1a–c selectively afforded six coordinated complexes
2a–c.  The 1H NMR spectra of the complexes 2d,e exhibited
one set of signals assignable to a trigonal bipyramidal geome-
try, where apical positions were occupied by two pyrrolyl nitro-
gen atoms and three equatorial positions by one imino nitrogen
atom and two amido nitrogen atoms. On the other hand, the 1H
NMR spectra of the complexes 2a–c at room temperature
showed signals assignable to two geometric isomers 2a–c-tbp
and 2a–c-oh and then at 70 °C two signals coalesced presum-
ably due to the rapid interconversion between ∆- and Λ-com-
plexation through a similar trigonal bipyramidal species as
observed for 2d,e (Scheme 2), suggesting cis-amido-configura-
tion for 2a–c.  The same argument has already been reported
for the fluxional behavior of pyridine–alkoxide complexes of
Group 4 metals.13–15 The coalescence of the NCH2CH3 reso-
nances in the 1H NMR spectra allowed to estimate the energy
parameters for the interconversion process to be ∆G‡ = 13.9
kcal/mol (2a), 13.7 kcal/mol (2b), and 16.5 kcal/mol (2c); these
value are unexceptionably comparable to those found for the
pyridine–alkoxide complexes (∆G‡ = 12.2–14.0 kcal/mol).15

The cis-(NEt2)2 moieties of 2a–e can be replaced by two
chloro anions with retaining the cis-geometry.  Treatment of the
complexes 2a–e with trimethylsilyl chloride in toluene for 12 h
at 50 °C resulted in the quantitative formation of the correspond-
ing dichloro complexes 3a–e (eq 1).18 The 1H NMR spectra of
all dichloro complexes 3a–e exhibited sharp signals due to the
octahedral structure.  The structure was revealed by a crystallo-
graphic study for complex 3a (Figure 1).19 Complex 3a adopts
a distorted octahedral structure where two pyrrolyl nitrogen
atoms, N1 and N1*, are arranged in a trans-fashion, while the
two imino nitrogen atoms, N2 and N2*, and the two chlorine
atoms are coordinated in a cis-fashion.  

The diamido or dichloro moieties of zirconium complexes
2a–e and 3a–e evidently have the cis-configuration, which is a
requirement to exhibit polymerization activity.  These complex-
es on activation by excess amounts of methylaluminoxane
became active catalysts for ethylene polymerization.  The activ-
ities of these catalysts are lower than the recently developed zir-
conium complexes bearing salicylaldimine ligands,10–12 but
these are comparable to the activities of pyridine–alkoxide
complexes of Group 4 metals.15 The catalytic activities of 2a–e
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(17 (2a), 20 (2b), 18 (2c), 32 (2d), 18 (2e) kg-PE/mol-cat.h)
were found to be almost the same as those found for 3a–e (12
(3a), 31 (3b), 33 (3c), 38 (3d), 46 (3e) kg-PE/mol-cat.h)20, indi-
cating the cis-arranged diamido and dichloro complexes were
converted to the same catalytically active species.  

In summary, we have prepared bis(iminopyrrolyl)zirconi-
um diamido/dichloro complexes and preliminarily demonstrat-
ed that these zirconium complexes became catalyst precursors
for the polymerization of ethylene in the presence of excess
amounts of methylaluminoxane.  The substituent effects on the
pyrrolyl skeleton are our current interest.  
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