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The developmental activities of catalysts capable of promoting
stereospecific living propylene polymerization have been very
intense. This is because these catalysts may provide potentially high-
performance polymers such as monodisperse polypropylenes (PPs)
with high melting temperatures (Tm’s) and block copolymers
containing the highTm segments. Recent progress in the rational
design of well-defined transition metal complexes for olefin
polymerization1 has spurred the development of high performance
catalysts which initiate stereospecific living polymerization of
R-olefins.2 However, despite the fact that nearly perfect stereo-
specific propylene polymerization can be performed using group 4
metallocene catalysts, highly stereospecific living propylene
polymerization has not yet been achieved.3

Previously, we found that a new series of titanium complexes
bearing fluorine-containing phenoxy-imine chelate ligands (which
are members of our FI Catalyst family) are capable of promoting
living polymerization of ethylene orR-olefins or both to produce
various block copolymers4 and have described the details of their
catalytic behavior5 including unprecedented propylene polymeri-
zation mechanism.5d Recently, living propylene polymerization with
fluorinated titanium FI Catalysts have been studied by Coates6 and
Zambelli.7 Further efforts aimed at developing higher-performance
FI Catalysts led us to the discovery of a new living propylene
polymerization catalyst. In this communication, we introduce a Ti-
FI Catalyst having fluorine- and trimethylsilyl-containing ligands,
which polymerizes propylene above room temperature to form
highly syndiotactic monodisperse PPs with extremely highTm’s.

The titanium complex employed in this study is bis[N-(3-
trimethylsilylsalicylidene)-2,3,4,5,6-pentafluoroanilinato]Ti(IV) di-
chloride (complex1, Figure 1). X-ray analysis indicates that
complex1 adopts a distorted octahedral structure with atrans-O,
cis-N, andcis-Cl arrangement. Although the molecular structure is
similar to that of complex2 described in our previous paper,5a the
bond distances of Ti-N and Ti-O are slightly elongated as a result
of introducing a trimethylsilyl group into the ligand (Figure 2).

Polymerization of propylene with complex1 using methyl-
alumoxane (MAO) cocatalyst under atmospheric pressure at 25°C
for 5 h yielded crystalline polypropylene having an extremely
narrow polydispersity (Mn ) 47 000,Mw/Mn ) 1.08, Table 1, entry
3). The linear dependence of theMn value upon the polymerization
time (entries 2, 3) together with the narrow MWD values indicates
that the polymerization proceeds in a living fashion under the given
conditions.

Microstructural analysis using13C NMR spectroscopy reveals
that the monodisperse polymer is highly syndiotactic PP (syn-PP) containing 93% rr triad. The isolated m-dyad errors suggest that

the polymer is probably produced via a chain-end control mech-
anism.8 Interestingly, the syn-PP produced by1 displays an
extremely highTm (152 °C). Moreover, polymerization at 0°C
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Figure 1. Fluorine-containing phenoxy-imine Ti complexes1-4.

Figure 2. Molecular structure of complex1 with thermal ellipsoids at 30%
probability level. Selected bond distances (Å) and angles (deg): Ti-O(1)
) 1.860(2), Ti-O(2) ) 1.854(2), Ti-N(1) ) 2.268(3), Ti-N(2) )
2.253(3), Ti-Cl(1) ) 2.245(1), Ti-Cl(2) ) 2.284(1), Si(1)-C(2) )
1.893(4), Si(2)-C(18) ) 1.890(4), O(1)-Ti-O(2) ) 165.6(1), N(1)-
Ti-N(2) ) 85.30(10) Cl(1)-Ti-Cl(2) ) 99.19(4).

Table 1. Results of Propylene Polymerization with Complexes
1-4/MAOa

entry complex
T

(°C)
time
(h)

yield
(g)

TOFb

(h-1)
Mn

c

(×103) Mw/Mn
c

Tm
d

(°C)

1 1 0 5 0.151 72 24.7 1.08 156
2 1 25 3 0.205 162 34.2 1.05 153
3 1 25 5 0.293 139 47.0 1.08 152
4 1 50 3 0.157 124 25.5 1.18 150
5 1 50 5 0.237 112 35.1 1.23 149
6 2 0 5 0.144 68 23.6 1.05 136
7 2 25 5 0.183 87 28.5 1.11 137
8 2 50 5 0.151 72 18.6 1.59 117
9 3 0 5 0.109 52 19.2 1.05 141

10 3 25 5 0.219 104 29.8 1.15 135
11 3 50 5 0.263 125 31.3 3.19 127
12 4 25 5 1.534 729 189.0 1.51 n.d.e

a Conditions: complex (10µmol), cocat. MAO (2.5 mmol), 1 atm,
toluene 250 mL.b Turnover frequency.c Determined by GPC using polyprop-
ylene calibration.d Melting temperature of produced PP determined by DSC.
e Not detected.
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afforded syn-PP with an exceptionally highTm of 156°C ([rr] 94%),
which probably represents the highest value reported to date for
not only monodisperse syn-PPs but also highly syn-PPs obtained
with exquisitely designed group 4 metallocene catalysts.9,10 On the
other hand, complexes24,5 and36 previously introduced as catalysts
for highly syndiospecific living propylene polymerization, provided
lower tacticity polymers with much lowerTm’s (135-141°C, Table
1, entries 6, 7, 9, 10). These results show that complex1 possesses
a great potential for syndiospecific living propylene polymerization.

Surprisingly, at 50°C, complex1 initiated living propylene
polymerization and furnished narrow polydispersity syn-PPs with
very highTm’s (150, 149°C, Table 1, entries 4 and 5 and Figure
3), which is of great significance because generally chain-end
control rapidly loses stereoregulating ability at elevated tempera-
tures.

In contrast, at 50°C, complexes2 and3 produced syn-PPs having
Tm’s below 130°C (Table 1, entries 8 and11 and Figure 3), with
broadened polydispersities (Mw/Mn; 2, 1.59;3, 3.19). These results
indicate that the R1 substituent has an effect on syndiospecificity
of fluorinated Ti-FI Catalysts.

To gain further information on the effect of R1 substituent, we
synthesized complex4 having a hydrogen atom at R1 position and
investigated its potential as a propylene polymerization catalyst.
Complex 4 showed considerably higher activity than2 and 3,
probably due to the structurally open nature of the complex (entry
12), and much lower syndiospecificity (rr 43%, noTm). These results
suggest that the steric bulk of the R1 substituent plays a key role in
determining the syndiospecificity of the polymerization. Although,
at present, mechanistic details for propylene polymerization with
fluorinated FI Catalysts are not clear, it is obvious that the ligand
structure of the catalyst has a dramatic effect on polymerization
behavior and that sterically bulky substituents at the R1 position
result in a highly controlled syndiospecific polymerization though
chain-end control. Therefore, we have given the name “ligand-
directed chain-end control” to our newly discovered highly
controlled syndiospecific propylene polymerization that enables us
to have highly syn-PPs with extremely highTm’s. In summary, a
new titanium complex with fluorine- and trimethylsilyl-containing
phenoxy-imine chelate ligands has been introduced, which forms
highly syndiotactic monodisperse PPs with highTm’s even at
elevated temperatures. The results described herein along with our

previous reports11 suggest that FI Catalysts are capable of producing
novel polymers that are unobtainable from conventional Ziegler-
Natta catalysis.
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Figure 3. Plots ofTm vs polymerization temperature with1-3/MAO.
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