
A

o
t
s
w
w
©

K

1

m
t
m
b
d
w
s
g
o
o
C
t
i
i

1
d

Journal of Molecular Catalysis A: Chemical 267 (2007) 86–91

Binuclear titanocenes linked by the bridge combination
of rigid and flexible segment: Synthesis and their use

as catalysts for ethylene polymerization

Xiaohui Xiao a,b, Junquan Sun a,∗, Xu Li a, Hongfeng Li a, Yanguang Wang b

a Department of Chemical Engineering, College of Material & Chemical Engineering, Zhejiang University, Hangzhou 310027, China
b Department of Chemistry, Zhejiang University, Hangzhou 310027, China

Received 22 September 2006; received in revised form 13 November 2006; accepted 14 November 2006
Available online 19 November 2006

bstract

Five novel binuclear titanocenes (CpTiCl2)2[(C5H4)CH2(p-C6H4)O(CH2)nO(C6H4-p)CH2(C5H4)] (n = 2–6) (16–20) with the bridge combination
f rigid and flexible segment were synthesized and characterized. In the presence of methylaluminoxane (MAO), the behaviors of these complexes
oward ethylene polymerization were investigated. The results show that their catalytic behaviors are highly dependent on the length of flexible

egment and polymerization conditions. With the length of flexible segment becoming longer, the catalytic activity increases, whereas the molecular
eight (MW) of the produced polyethylene (PE) decreases. In addition, the longer flexible segment is favorable to produce PE with broader molecular
eight distribution (MWD).
2006 Elsevier B.V. All rights reserved.
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. Introduction

Binuclear metallocenes used as catalysts for olefin poly-
erization can be divided roughly into two kinds in

erms of the bridge [1], flexible bridge such as poly-
ethylene [2–5], polysiloxane or silane [2,6–11] and rigid

ridge such as phenylene [1,12,13], biphenylene [14,15],
ouble bridges [16–18]. In general, binuclear metallocenes
ith a rigid bridge show higher activity and thermal

tability [15]. In continuation of our previous investi-
ation on binuclear metallocenes with rigid [1,12,14,19]
r flexible bridge [3–5,20], here we report the synthesis
f novel binuclear titanocenes (C5H5TiCl2)2[(C5H4)CH2(p-
6H4)O(CH2)nO(C6H4-p)CH2(C5H4)] (n = 2–6) (16–20) with

he bridge combination of rigid and flexible segment. The behav-

ors of these complexes toward ethylene polymerization were
nvestigated.

∗ Corresponding author. Tel.: +86 571 8795 3159; fax: +86 571 8795 1227.
E-mail address: sunjunquan@zju.edu.cn (J. Sun).
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. Experimental

.1. General procedures

All manipulations involving air- or moisture-sensitive com-
ounds were performed under an atmosphere of argon using
tandard Schlenk techniques. Elemental analyses were con-
ucted on a Perkin-Elmer 240 elemental analyzer. 1H NMR
nd 13C NMR spectra were recorded on a Bruker Advance
00 instrument at ambient temperature using CDCl3 as solvent
nd tetramethylsilane as internal standard. The intrinsic vis-
osity [η] of PE in decahydronaphthalene was measured with
modified Ubbelohde viscometer at 135 ◦C. The viscosity-

veraged molecular weight (Mη) was calculated according to the
quation [η] = 6.67 × 10−4M0.67

η (ml/g) [21]. The molecular
eight distributions (MWD) of PE were determined by gel-
ermeation chromatography (GPC, Waters 150, 135 ◦C) with
tandard polystyrene as a calibration reference. The melting

oint temperatures (Tm) of PE were recorded with a Perkin-
lmer DSC-7 differential scanning calorimeter.

All chemical reagents used were of analytical grade and
ere further purified as given in the literature. Toluene,

mailto:sunjunquan@zju.edu.cn
dx.doi.org/10.1016/j.molcata.2006.11.025
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etrahydrofuran (THF), diethyl ether, and hexane were freshly
istilled under argon from purple sodium/benzophenone ketyl
olutions. CH2Cl2 was distilled under argon from CaH2.
yclopentadiene was freshly distilled from its dimer. Methy-

aluminoxane (MAO) (10% in toluene) was purchased from
itco. Ethylene (polymer grade) was purified via bubbling

hrough triisobutylaluminum in toluene. Cyclopentadienyltita-
iumtrichloride (CpTiCl3) [22] was prepared according to the
iterature.

.2. Synthesis of compounds

.2.1. p-CH3C6H4O(CH2)nOC6H4CH3-p (n = 2–6) (1–5)
p-Cresol (21.60 g, 0.20 mol) was added to a stirred solution of

odium hydroxide (8.80 g, 0.22 mol) in 150 ml of ethanol at room
emperature. After stirring for 0.5 h, 0.10 mol of Br(CH2)nBr
n = 2–6) was added. The reaction mixture was stirred for another
h under refluxing and then poured into water (500 ml). The

esulting mixture was cooled to room temperature and filtered.
he remaining solid was washed with water (2× 30 ml) and
thanol (2× 20 ml), and then dried in vacuo to give the products
s white solids.

1: yield: 8.18 g (33.8%); m.p. 137–138 ◦C; 1H NMR: δ = 2.30
s, 6H, 2× CH3), 4.29 (s, 4H, 2× CH2), 6.86 (d, J = 8.4 Hz, 4H,
× C6H4), 7.09 (d, J = 8.4 Hz, 4H, 2× C6H4).

2: yield: 14.4 g (56.3%); m.p. 98–100 ◦C; 1H NMR: δ = 2.24
m, 2H, CH2), 2.28 (s, 6H 2× CH3), 4.12 (t, J = 6.4 Hz, 4H, 2×
H2), 6.78 (d, J = 8.4 Hz, 4H, 2× C6H4), 7.07 (d, J = 8.4 Hz,
H, 2× C6H4).

3: yield: 17.2 g (63.8%); m.p. 109–111 ◦C; 1H NMR: δ = 1.95
m, 4H, 2× CH2), 2.28 (s, 6H 2× CH3), 3.99 (t, J = 5.2 Hz, 4H,
× CH2), 6.78 (d, J = 8.4 Hz, 4H, 2× C6H4), 7.06 (d, J = 8.4 Hz,
H, 2× C6H4).

4: yield: 24.6 g (86.6%); m.p. 68–70 ◦C; 1H NMR: δ = 1.65
m, 2H, CH2), 1.84 (m, 4H, 2× CH2), 2.28 (s, 6H 2× CH3), 3.95
t, J = 6.4 Hz, 4H, 2× CH2), 6.80 (d, J = 8.4 Hz, 4H, 2× C6H4),
.06 (d, J = 8.4 Hz, 4H, 2× C6H4).

5: yield: 27.2 g (91.3%); m.p. 88–91 ◦C; 1H NMR: δ = 1.52
m, 4H, 2× CH2), 1.79 (m, 4H, 2× CH2), 2.28 (s, 6H 2× CH3),
.93 (t, J = 6.4 Hz, 4H, 2× CH2), 6.78 (d, J = 8.4 Hz, 4H, 2×
6H4), 7.05 (d, J = 8.4 Hz, 4H, 2× C6H4).

.2.2. p-BrCH2C6H4O(CH2)nOC6H4CH2Br-p (n = 2–6)
6–10)

A mixture of 1 (6.05 g, 25 mmol), N-bromosuccinimide
9.10 g, 51 mmol), dibenzoyl peroxide (0.50 g, 2 mmol) and
Cl4 (80 ml) was refluxed 5 h under stirring. The solvent was

emoved in vacuo, and water (400 ml) was added. The result-
ng mixture was stirred and filtered. The remaining solid was
ashed with water (3× 100 ml), recrystallized from THF and
ried in vacuo to afford compound 6 in form of white crystals.
ield: 5.56 g (55.6%); m.p. 178–180 ◦C; 1H NMR: δ = 4.32 (s,
H, 2× CH2), 4.50 (s, 4H, 2× CH2), 6.90 (d, J = 8.4 Hz, 4H, 2×

6H4), 7.32 (d, J = 8.4 Hz, 4H, 2× C6H4).

2–5 (n = 3–6) (25 mmol), N-bromosuccinimide (9.10 g,
1 mmol), dibenzoyl peroxide (0.50 g, 2 mmol) and CCl4
80 ml) were mixed together and refluxed for 2 h under stirring.

J
1

(
(

ysis A: Chemical 267 (2007) 86–91 87

fter a few minutes a white solid was formed, floating on the
Cl4 surface. The reaction mixture was filtered while it was still
ot and the solid was washed with CCl4 (2× 15 ml). The com-
ined filtrate and washing solutions were concentrated to 25 ml
nd cooled to 0 ◦C. After filtration, the solid was recrystallized
rom CHCl3 and dried in vacuo affording white needles.

7: yield: 6.1 g (58.9%); m.p. 143–146 ◦C; 1H NMR: δ = 2.25
m, 2H, CH2), 4.15 (t, J = 6.0 Hz, 4H, 2× CH2), 4.50 (s, 4H 2×
H2), 6.86 (d, J = 8.8 Hz, 4H, 2× C6H4), 7.30 (d, J = 8.8 Hz,
H, 2× C6H4).

8: yield: 7.1 g (66.4%); m.p. 137–139 ◦C; 1H NMR: δ = 1.98
m, 4H, 2 × CH2), 4.04 (t, J = 5.2 Hz, 4H, 2× CH2), 4.51 (s, 4H
× CH2), 6.85 (d, J = 8.8 Hz, 4H, 2× C6H4), 7.31 (d, J = 8.8 Hz,
H, 2× C6H4).

9: yield: 6.26 g (56.7%); m.p. 112–114 ◦C; 1H NMR: δ = 1.64
m, 2H, CH2), 1.85 (m, 4H, 2× CH2), 3.98 (t, J = 6.4 Hz, 4H, 2×
H2), 4.50 (s, 4H 2× CH2), 6.84 (d, J = 8.4 Hz, 4H, 2× C6H4),
.30 (d, J = 8.4 Hz, 4H, 2× C6H4).

10: yield: 6.35 g (55.7%); m.p. 116–119 ◦C; 1H NMR:
= 1.53 (m, 4H, 2× CH2), 1.81 (m, 4H, 2× CH2), 3.96 (t,
= 6.4 Hz, 4H, 2× CH2), 4.50 (s, 4H 2× CH2), 6.84 (d,
= 8.4 Hz, 4H, 2× C6H4), 7.29 (d, J = 8.4 Hz, 4H, 2× C6H4).

.2.3. p-(LiC5H4CH2)C6H4O(CH2)nOC6H4

CH2C5H4Li)-p (n = 2–6) (11–15)
A solution of 6–10 (n = 2–6) (5 mmol) in THF (30 ml)

as added to a stirred solution of cyclopentadienyl sodium
10 mmol) in 20 ml of THF at 0 ◦C. The temperature of the
eaction mixture was allowed to rise gradually to room tem-
erature and the mixture was stirred for 2 h. The solvent was
emoved in vacuo and the residue was extracted with diethyl
ther (3× 25 ml). The combined extracts were added to a stirred
olution of n-BuLi (6.3 ml, 1.6 M, 10 mmol) in hexane at 0 ◦C.
he mixture was stirred for additional 8 h and filtered. The
olid was washed with diethyl ether (2× 15 ml) and dried in
acuo to afford the 11–15 as pale yellow powders in yields of
1.9–95.0%.

.2.4. p-[(C5H5TiCl2)C5H4CH2]C6H4O(CH2)nOC6H4

CH2C5H4(TiCl2C5H5)]-p (n = 2–6) (16–20)
11–15 (n = 2–6) (4 mmol) were added to a stirred solution of

5H5TiCl3 (8 mmol, 1.75 g) in 40 ml of toluene at 0 ◦C. The
uspension was warmed up to room temperature and stirred
vernight, then filtered. The solid was extracted with CH2Cl2
3× 30 ml). The combined extraction liquid was concentrated
o 10 ml and cooled to −15 ◦C. After filtration, the solid was
ecrystallized from CH2Cl2/cyclohexane (1/2) to afford 16–20
s red powders.

16: yield: 1.32 g (44.8%). C36H34Cl4O2Ti2: (736.20) ele-
ental analysis (%), found: C, 58.91%; H, 4.72%. Calc.: C,

8.73%; H, 4.65%. 1H NMR: δ = 4.04 (s, 4H, 2× CH2), 4.29
s, 4H, 2× CH2), 6.35 (t, J = 2.8 Hz, 4H, 2× C5H4), 6.44 (t,
= 2.8 Hz, 4H, 2× C5H4), 6.49 (s, 10H, 2× C5H5), 6.87 (d,

= 8.4 Hz, 4H, 2× C6H4), 7.12 (d, J = 8.4 Hz, 4H, 2× C6H4);

3C NMR δ = 36.1 (CH2), 66.7 (CH2), 114.9 (C6H4), 116.3
C5H4), 119.8 (C5H5), 122.5 (C5H4), 130.1 (C6H4), 131.9
C6H4), 138.2 (C5H4), 157.4 (C6H4).
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17: yield: 1.44 g (48.0%). C37H36Cl4O2Ti2: (750.23) ele-
ental analysis (%), found: C, 59.34%; H, 4.89%. Calc.: C,

9.23%; H, 4.84%. 1H NMR: δ = 2.22 (m, 2H, CH2), 4.02
s, 4H, 2× CH2), 4.12 (t, J = 5.8 Hz, 4H, 2× CH2), 6.34 (t,
= 2.4 Hz, 4H, 2× C5H4), 6.44 (t, J = 2.8 Hz, 4H, 2× C5H4),
.45 (s, 10H, 2× C5H5), 6.83 (d, J = 8.4 Hz, 4H, 2× C6H4), 7.10
d, J = 8.4 Hz, 4H, 2× C6H4); 13C NMR δ = 28.9 (CH2), 36.0
CH2), 64.7 (CH2), 114.6 (C6H4), 116.4 (C5H4), 119.8 (C5H5),
22.5 (C5H4), 130.1 (C6H4), 131.9 (C6H4), 138.2 (C5H4), 157.4
C6H4).

18: yield: 1.53 g (50.1%). C38H38Cl4O2Ti2: (764.25) ele-
ental analysis (%), found: C, 59.91%; H, 5.08%. Calc.: C,

9.72%; H, 5.01%. 1H NMR: δ = 1.95 (m, 4H, 2× CH2), 4.00
s, 4H, 2× CH2), 4.02 (s, 4H, 2× CH2), 6.35 (t, J = 2.4 Hz,
H, 2× C5H4), 6.44 (t, J = 2.8 Hz, 4H, 2× C5H4), 6.50 (s,
0H, 2× C5H5), 6.81 (d, J = 8.8 Hz, 4H, 2× C6H4), 7.10 (d,
= 8.0 Hz, 4H, 2× C6H4); 13C NMR δ = 26.0 (CH2), 36.1

CH2), 67.5 (CH2), 114.5 (C6H4), 116.4 (C5H4), 119.8 (C5H5),
22.6 (C5H4), 130.3 (C6H4), 131.3 (C6H4), 138.2(C5H4), 157.7
C6H4).

19: yield: 1.60 g (51.4%). C39H40Cl4O2Ti2: (778.28) ele-
ental analysis (%), found: C, 60.33%; H, 5.22%. Calc.: C,

0.19%; H, 5.18%. 1H NMR: δ = 1.63 (m, 2H, CH2), 1.83 (m,
H, 2× CH2), 3.95 (t, J = 6.4 Hz, 4H, 2× CH2), 4.02 (s, 4H, 2×
H2), 6.35 (t, J = 2.8 Hz, 4H, 2× C5H4), 6.44 (t, J = 2.8 Hz, 4H,
× C5H4), 6.49 (s, 10H, 2× C5H5), 6.81 (d, J = 8.8 Hz, 4H, 2 ×
6H4), 7.10 (d, J = 8.4 Hz, 4H, 2× C6H4); 13C NMR δ = 22.7

CH2), 29.0 (CH2), 36.1 (CH2), 67.8 (CH2), 114.6 (C6H4),
16.4 (C5H4), 119.8 (C5H5), 122.5 (C5H4), 130.3 (C6H4), 131.3
C6H4), 138.3 (C5H4), 157.7 (C6H4).

20: yield: 1.16 g (46.1%). C40H42Cl4O2Ti2: (792.31) ele-
ental analysis (%), found: C, 60.92%; H, 5.43%. Calc.: C,

0.64%; H, 5.34%. 1H NMR: δ = 1.52 (m, 4H, 2× CH2), 1.80
m, 4H, 2× CH2), 3.94 (t, J = 6.0 Hz, 4H, 2× CH2), 4.02 (s, 4H,
× CH2), 6.36 (t, J = 2.4 Hz, 4H, 2× C5H4), 6.44 (t, J = 2.4 Hz,
H, 2× C5H4), 6.49 (s, 10H, 2× C5H5), 6.81 (d, J = 8.0 Hz, 4H,
× C6H4), 7.10 (d, J = 8.0 Hz, 4H, 2× C6H4); 13C NMR δ = 25.9
CH2), 29.2 (CH2), 36.1 (CH2), 67.9 (CH2), 114.6 (C6H4),
16.4 (C5H4), 119.8 (C5H5), 122.5 (C5H4), 130.1 (C6H4), 131.2
C6H4), 138.8 (C5H4), 157.8 (C6H4).
.3. Polymerizations of ethylene

The polymerizations were carried out in a 50 ml glass reac-
or. The reactor was filled with a proper amount of toluene and

able 1
thylene polymerization results using complexes 16–20

omplex [Cat]a MAO/Ti Temperature (◦C) Tim

6 5 2000 25 0.5
7 5 2000 25 0.5
8 5 2000 25 0.5
9 5 2000 25 0.5
0 5 2000 25 0.5
p

2
TiCl

2 20 500 20 0.5

a [Cat]: 10−5 mol Ti/l.
b Activity: 105 g of PE/mol Ti h; V(toluene) = 25 ml, 1 bar.
ysis A: Chemical 267 (2007) 86–91

AO solution and saturated with a continuous flow of ethylene
nder atmospheric pressure. The polymerization was initiated
y injection of the catalyst solution. The reaction mixture was
tirred for an appropriate period at the desired temperature. A
ixture of ethanol (150 ml) and hydrochloric acid (10 ml) was

dded to quench the reaction. The precipitated PE was filtered,
ashed repeatedly with water and ethanol, and then dried in
acuo at 60 ◦C.

In analogous procedure, the ethylene polymerizations were
arried out in a 100 ml autoclave under high ethylene pressure.

. Results and discussions

.1. Synthesis and characterizations of complex 16–20

The α,ω-bis (4-bromomethylphenoxy)alkanes 6–10 [23]
ere prepared according to Scheme 1 starting with p-cresole
ia the α,ω-bis (4-methylphenoxy)alkanes 1–4 [24–26] and 5.
hey react with cyclopentadienyl sodium and butyl lithium
ith formation of the air- and moisture-sensitive dilithium salts
1–15 (Scheme 2), which were isolated as pale yellow pow-
ers. Reaction with C5H4TiCl3 affords the dinuclear titanium
omplexes 16–20. Their 1H NMR spectra show two sets of
riplets at 6.34–6.44 ppm similar to analogous bridged binuclear
itanocenes [1,12,14,19].

.2. Polymerization results of ethylene with complex 16–20

Complexes 16–20 have been studied as catalysts in com-
Scheme 1.

e (h) Activityb Mη × 105 MWD m.p. (◦C)

1.60 5.97 3.99 136.7
2.45 5.65 4.19 134.2
2.84 5.10 4.88 135.9
3.30 5.05 5.26 135.7
3.62 4.11 5.35 135.4
0.89 2.89 1.92 132.9
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ng of the flexible segment (16 < 17 < 18 < 19 < 20). That is in
ccordance with the activity tendency of polysiloxane or poly-
ethylene bridged binuclear zirconocenes [2,7] and can be

ttributed to the stronger steric hindrance of binuclear met-
llocenes caused by the shorter bridge, which prevents the
onomer accessing to the coordination sites. In addition, an

ntramolecular deactivation of the active species in the same
olecules may be restricted by long bridge. The Mη of the pro-

uced PE decreases in the order 16 > 17 > 18 > 19 > 20, which
an be interpreted by the steric hindrance of the shorter bridge
hich suppresses the �-H transfer to the active species, favorable

or producing PE with higher molecular weight [7]. As expected,
he MWD of PE produced by 16–20 (MWD = 3.99–5.35) are
bviously broader than that of PE produced by (C5H5)2TiCl2
MWD = 1.92) [1], moreover, it increase with the length of flex-
ble segment in the bridge of these complexes becoming longer
16 < 17 < 18 < 19 < 20). The reason may be that the interaction
etween two metals creates more than one kind of active species

uring the polymerization [27]. The melting points of the PE
roduced by the novel complexes 16–20 were all higher than
30 ◦C, which indicates that the PE are highly linear and highly
rystalline PE [14,27].

p
c
h
w

able 2
thylene polymerization results using complexes 19 and 21

omplex [Cat]a MAO/Ti Temperature (

9 5 2000 25
5 2000 40
5 2000 55

10 2000 25
20 2000 25

1 20 500 20
20 500 40
20 500 60
10 500 40
30 500 40

a [Cat]: 10−5 mol Ti/l.
b Activity: 105 g of PE/mol Ti h; V(toluene) = 25 ml, 1 bar.
.

Table 2 shows, that the catalytic activity of complex 19
ecreases faster than that of the 4,4-bis (methylene)biphenylene
ridged dinuclear titanocene (CpTiCl2)2[C5H4CH2C6H4-p-
6H4CH2C5H4] (21) [14] with rising of polymerization

emperature. The reason may be that the introduction of a
exible segment [–O(CH2)nO–] into the bridge lowers the

hermal stability of the active species formed in the pro-
ess of ethylene polymerization. Compared with ethylene
olymerization catalyzed by complex 21, a lower catalyst
oncentration is more favorable to reach a high activity for
omplex 19.

.3. Effects of polymerization conditions on ethylene
olymerization with complex 19

Complex 19 was used to test the effect of the polymerization
onditions such as catalyst concentration, mole ratio of MAO/Ti,
olymerization temperature, polymerization time and ethylene

ressure. The preliminary results show that a proper catalyst con-
entration and mole ratio of MAO/Ti are favorable for reaching
igh catalytic activity and producing PE with high molecular
eight (Figs. 1 and 2).

◦C) Time (h) Activityb Mη × 105

0.5 3.30 5.05
0.5 0.55 3.19
0.5 0.47 1.55
0.5 2.04 5.84
0.5 1.58 4.92

0.5 1.97 3.13
0.5 1.95 1.47
0.5 1.18 0.65
0.5 0.88 1.89
0.5 1.40 1.31
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Fig. 1. Influence of catalyst concentration on the catalytic activity and
viscosity-average-molecular weight of PE. {Polymerization conditions:
n(MAO)/n(Ti) = 2000, 0.5 h, 25 ◦C, 1 bar, V(toluene) = 25 ml}.

Fig. 2. Influence of MAO/Ti mole ratio [n(MAO)/n(Ti)] on the catalytic activ-
ity and viscosity-average-molecular weight of PE. {Polymerization conditions:
[Cat] = 5 × 10−5 mol Ti/l, 0.5 h, 25 ◦C, 1 bar, V(toluene) = 25 ml}.

Fig. 3. Influence of polymerization temperature on the catalytic activity
and viscosity-average-molecular weight of PE. {Polymerization conditions:
n(MAO)/n(Ti) = 2000, [Cat] = 5 × 10−5 mol Ti/l, 0.5 h, 1 bar, V(toluene) =
25 ml}.

Fig. 4. Influence of polymerization time on the catalytic activity and
viscosity-average-molecular weight of PE. {Polymerization conditions:
n(MAO)/n(Ti) = 2000, [Cat] = 5 × 10−5 mol Ti/l, 25 ◦C, 1 bar, V(toluene) =
25 ml}.

Fig. 5. Influence of ethylene pressure on the catalytic activity and
v
n
2

l
d
t
s

t
w
p

p
i

4

C
b
l

iscosity-average-molecular weight of PE. {Polymerization conditions:
(MAO)/n(Ti) = 2000, [Cat] = 5 × 10−5 mol Ti/l, 25 ◦C, 0.25 h, V(toluene) =
5 ml}.

Fig. 3 illustrates the effect of the temperature on ethy-
ene polymerization. Both the catalytic activity and Mη of PE
ecrease rapidly with rising temperature, which demonstrates
hat higher temperature leads to faster deactivation of active
pecies [28].

Fig. 4 demonstrates that the catalytic activity decreases with
he prolongation of time, however Mη of PE is still increasing,
hich is in agreement with the common sense of homogeneous
olymerization by metallocene/MAO.

Fig. 5 illustrates the effect of the ethylene pressure on
olymerization. High ethylene pressure is effective for both
ncreasing of catalytic activity and Mη of the produced PE.

. Conclusion
The novel binuclear titanocenes (CpTiCl2)2[(C5H4)CH2(p-
6H4)O(CH2)nO(C6H4-p)CH2(C5H4)] (n = 2–6) (16–20) have
een synthesized and successfully used as homogeneous cata-
ysts with MAO as cocatalyst for ethylene polymerization. The



Catal

r
e
a
f
o
o
t
o
t

A

N
t

R

[
[
[

[

[

[
[

[

[
[

[

[
[
[

[

X. Xiao et al. / Journal of Molecular

esults show that the bridge including flexible and rigid segment
ffectively improved the catalytic behaviors of metallocene cat-
lyst. The increase of the length of flexible segment is obviously
avorable to rise the catalytic activities and broaden the MWD
f PE (16 < 17 < 18 < 19 < 20). Both catalytic activities and MW
f PE obtained from these complexes are remarkable higher
han those of Cp2TiCl2, especially, the MWD (3.99–5.35) of PE
btained from all these complexes are much more broader than
hat of PE produced by Cp2TiCl2.

cknowledgements

The authors are grateful for subsidy provided by the National
atural Science Foundation of China (No. 20374043). We also

hank Prof. H. Schumann for helpful discussion.

eferences

[1] X.J. Liu, J.Q. Sun, H.Y. Zhang, X.H. Xiao, F. Lin, Eur. Polym. J. 41 (2005)
1519–1524.

[2] S.K. Noh, J. Kim, J. Jung, C.S. Ra, D. Lee, H.B. Lee, S.W. Lee, W.S. Huh,
J. Organomet. Chem. 580 (1999) 90–97.

[3] Q. Ban, J.Q. Sun, J. Chin. Univ. 24 (2003) 2304–2307.
[4] J.Q. Sun, Q. Ban, Y.J. Xu, J. Zhejiang Univ. (Eng. Sci.) 38 (2004)
1061–1066.
[5] J.Q. Sun, Z.D. Pan, W.Q. Hu, S.L. Yang, Eur. Polym. J. 38 (2002) 545–

549.
[6] G.L. Tian, B.Q. Wang, S.S. Xu, X.Z. Zhou, B. Liang, L. Zhao, F.L. Zou,

Y. Li, Macromol. Chem. Phys. 203 (2002) 31–36.

[
[
[

[

ysis A: Chemical 267 (2007) 86–91 91

[7] S.K. Noh, S. Kim, J. Kim, D.H. Lee, K.B. Yoon, H.B. Lee, S.W. Lee, J.
Polym. Sci., Part A: Polym. Chem. 35 (1997) 3717–3728.

[8] S.K. Noh, G.G. Byun, C.S. Lee, D.H. Lee, K.B. Yoon, K.S. Kang, J.
Organomet. Chem. 518 (1996) 1–6.

[9] H.G. Alt, R. Ernst, Inorg. Chim. Acta 350 (2003) 1–11.
10] H.G. Alt, R. Ernst, I.K. Bohmer, J. Organomet. Chem. 658 (2002) 259–265.
11] H.G. Alt, R. Ernst, J. Mol. Catal. A: Chem. 195 (2003) 11–27.
12] J.Q. Sun, X.J. Liu, H.Y. Zhang, X.H. Xiao, F. Lin, H. Schumann, J. Appl.

Polym. Sci. 99 (2006) 2193–2198.
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