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The introduction of furyl groups to the position next to the
silylene bridge of an amsa-zirconocene catalyst was found to
remarkably enhance the catalytic activity and the molecular
weight of PP during the isospecific polymerization of propylene.

The effect of varying the steric and electronic characteristics
of substituents of the ansa-metallocene catalyst on the degree of
activity and stereoselectivity of the propylene polymerization
has been the subject of a recent intense investigation.! One of
the important developments in this field was made by Spaleck
who found a considerable increase in the catalytic activity and
the molecular weight by the introduction of a bulky substituent
at the 4-position of the Me,Si-bridged indenyl zirconocene
catalyst.? It is also well established that the polymer properties
are much improved by the introduction of methyl groups next to
the silylene bridge. Previously, we reported that the Me,Si(2,3,5-
Me,CH),ZrCl,/MAO catalyst provides highly isotactic but
relatively low molecular weight polypropylene(PP) which is not
satisfactory for industrial application.® During the course of our
experiments to improve this catalyst, we found that the
introduction of a furyl group to the position next to the Me,Si-
bridge resulted in a remarkable increase in the catalytic activity
and the molecular weight. Here, we report the synthesis of 2-
furyl substituted ansa-zirconocenes 1-6 and the related 2-phenyl
substituted one 8, and their use in the polymerization of

propylene.
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Furyl-3,4- or 2,4-dimethylcyclopentadienes, 1,2-dimethyl-4-
phenylcyclopentadiene, and 2-furylindene were prepared by the
reaction of 3,4-dimethyl-2-cyclopentenone, 2,4-dimethyl-2-
cyclopentenone and 2-indanone with the corresponding lithium

compounds. After the treatment with BuLi, they were reacted
with Me,SiCl, to afford the corresponding bis(cyclopenta-
dienyl)- and bis(indenyl)-dimethylsilanes as a mixture of rac
and meso diastereomers.* It is noteworthy that the formation of
bis(2-furyl-3,5-dimethy-1-cyclopentadienyl)dimethylsilane from
1-furyl-2,4-dimethyl-cyclopentadienyllithium and Me,SiCl,
proceeds regioselectively. This may suggest the involvement of
the firyl oxygen in the product determination step, because a
similar reaction of 1,4-dimethyl-2-phenylcyclopentadienyl-
lithium with Me,SiCl, produces only bis(2,5-dimethyl-3-phenyl-
cyclopentadienyl)-dimethylsilane. Zirconocenes obtained from
these silanes consisted of a mixture of rac and meso
diastereomers of varying ratios; 1(58:42), 2(55:45), 3(75:25),
4(40:60), 5(80:20) 6(75:25), 7(50:50), and 8(60:40). The rac-
complexes were isolated from hexane, free of their meso
isomers and employed as catalysts for the polymerization of
propylene in combination with MAO.

The structures of 1, 5 and 8 were determined by X-ray
crystallography. They have an approximate C, symmetry. The
molecular structure of 5 is depicted in Figure 1, showing
unambiguously that the furyl group occupies the position next to
the Me,Si bridge. Angles between the planes of the furyl and

Figure 1. Molecular structure of complex 5 with 50%
probability thermal ellipsoids depicted. All hydrogen atoms are
omitted for clarity. Important bond distances (A) and angles (°):
Zr-CK(1), 2.438(2); Zr-Cl(2), 2.432(2); Zr-Cp(centroid), 2.23,
2.22;  ZCKHZCI2), 98.63(B); ZC(1)SiC(6), 94.6(3);
ZCp(centroid)ZrC(centroid), 128.1.
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phenyl substituents and the planes defined by the Cp rings are
34.58° and 37.37° in 1, 39.03° and 52.50° in 5, and 45.14° and
48.41° in 8, respectively. The large shift from coplanarity may
be due to the steric interactions with the Me,Si-bridge. The furyl
oxygens in 1 and 5 are located outside the molecules, being
apart from the zirconium centers. The overall geometries of
these complexes are similar to each other. However, distinct
differences between the furyl derivatives (1 and 5) and the
phenyl derivative (8) are observed in the values of ZCIZrCl
which may reflect the degree of steric hindrance.’ The ZClZrCl
of 8 (94.55(6)°) is in the same range as those of the strained
meso-Me,Si(2-PhInd),ZrCl, (94.41°)° and rac-Me,Si(2-
(Me,N)Ind), ZrCl, (94.9°).° In contrast, the corresponding angles
of 1 (97.4(1)°) and 5 (98.63(8)°) are in the usual range of the
Me,Si bridged ansa-zirconocenes (97-100°).

The polymerization data obtained using complexes 1-6 are
compared with the structural analogues 7-9 having methyl and
phenyl groups in the place of the furyl groups (Table 1). Furyl
substituted complexes (1, 5 and 6) show higher activity and
produce an i-PP of higher molecular weight than those by the
methyl substituted ones (7 and 9). Unexpectedly, 8 exhibited a
low activity and stereoselectivity which might be due to the
higher steric congestion around the Zr center. Substituents on a
furyl group also influence the catalytic performance. The
introductions of Me and Me,Si groups at the 5-position of the
furyl substituent (2 and 3) resulted in a further increase in the
catalytic activity and the molecular weight, although complex 4

Table 1. Propylene polymerization results®

Activity/ MW/

Catalyst kgmmol® g mol® Tm/C mm;lin/
cat'h’ x10° ’

1 38 47.8 154.0 94.3
2 25 63.5 154.8 95.4
3 40 63.3 151.5 94.1
4 9.2 37.6 151.7 93.5
5 70 48.3 156.9 95.6
6 16 128 148.0 94.3
7 26 17.6 160.2 95.9
8 2.0 8.1 nd 20.0
9 46 34.8 153.1 94.5

*Polymerization conditions: [Al}/[Zr]=10%, T=30 C, t=60 min.,
P=3 Kg/cm’G. °Determined by *CNMR.
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having a benzofuryl group in the place of a furyl group showed
a rather low activity. It is not clear why the furyl groups have a
strong effect on enhancing the catalytic activity and the
molecular weight of PP. In addition to the smaller steric
bulkiness of the furyl group than a phenyl group, the electron
withdrawing nature enhanced by the coordination of the furyl
oxygen to MAO may play an important role. It should be noted
that the X-ray crystallography of the thienyl analogue of 1
revealed the structure in which the thienyl sulfurs located near
from the zirconium center in contrast to those of 1 and 5 and
showed a poor catalytic performance similar to 8.
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