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Summary: A new family of highly active olefin polym-
erization catalysts based on titanium-tungsten hetero-
bimetallic dinitrogen complexes, [Cp′TiCl2(µ-N2)WCl(L)4]
(1; L ) PMe2Ph, 1/2 R2PCH2CH2PR2; R ) Et, Ph), has
been developed, in which the tungsten dinitrogen frag-
ment acts as a novel metallonitrogen ligand to the
catalytically active titanium center. Alkylation of 1d (Cp′
) C5Me5, L ) 1/2 Et2PCH2CH2PEt2) with MeLi gave
di- and trimethyl derivatives 2d and 3d, which were
structurally characterized.

Polymerization of olefins catalyzed by soluble, well-
defined transition metal complexes has been one of the
most attractive subjects in organometallic chemistry.2
In particular, monocyclopentadienyl titanium catalysts
containing amide, phosphinimide, and aryloxy ligands
have extensively been studied, and some of them are
now employed commercially.3,4 On the other hand, some
examples of olefin polymerization by using heterobime-
tallic complexes have been reported where bis(cyclopen-
tadienyl)M (M ) Zr, Hf) moieties are connected to other
transition metals such as Mo,5a,b Fe,5c,d,f Co,5f Rh,5e-h

and Ni5a via cyclopentadienyl or phosphido ligands.
However, significant enhancement in catalytic activity
has rarely been observed.5c,d,g

During our long-standing study on chemical nitrogen
fixation by transition metal complexes,6 we have re-
cently synthesized the titanium-tungsten heterobime-

tallic bridging dinitrogen complexes 1a and 1b (Figure
1) having a half-sandwich titanium fragment from the
reaction of tungsten dinitrogen complexes [W(N2)2(L)4]
(L ) PMe2Ph, 1/2 dppe; dppe ) Ph2PCH2CH2PPh2) with
CpTiCl3.7 We have now found that the heterobimetallic
complexes of this class are excellent catalyst precursors
for copolymerization of ethylene and 1-hexene. Prelimi-
nary results are described here.

Copolymerization of ethylene and 1-hexene was stud-
ied using the titanium-tungsten heterobimetallic dini-
trogen complexes 1a-1g as catalyst precursors, in
which several new complexes, 1c-1g, were synthesized
from similar reactions. The constrained geometry cata-
lyst [(t-BuNSiMe2C5Me4)TiCl2] (CGC)2 was chosen as a
reference in the copolymerization because it also con-
tains both cyclopentadienyl and nitrogen-based ligands
on titanium.

Table 1 summarizes the polymerization results in
which Al(i-Bu)3 and [Ph3C][B(C6F5)4] were used as
cocatalysts. The heterobimetallic dinitrogen complex 1a
showed a very high catalytic activity of 376 kg mmol
(cat)-1 h-1. The copolymers produced have relatively
high molecular weights (Mw ) 77 × 104) and unimodal
molecular weight distribution (Mw/Mn ) 2.2), indicating
that the copolymers were produced by a single active
species. It should be noted that the catalytic activity of
1a was more than 3 times as high as that of CGC under
the same conditions, although the 1-hexene content was
one-third of that observed in CGC.

Complexes 1c-1e with depe (Et2PCH2CH2PEt2)
ligands also exhibited high catalytic activity. Complex
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1b, on the other hand, showed significantly lower
activity probably due to the lability of monodentate
PMe2Ph ligands on tungsten. The relatively lower
activity of 1f and 1g might be caused by the steric
crowding around the titanium center.

Modified methylaluminoxane (MMAO)8 can also be
used as an effective cocatalyst (Table 2). In this case,
the polymerization activity of 1a was about 200 times
as high as that of CGC. Although the relative order of
activity in the series of catalysts is not the same as that
in the polymerization with the Al(i-Bu)3/[Ph3C][B(C6F5)4]
cocatalyst, an exceptionally high catalytic activity of 510
kg mmol(cat)-1 h-1 was observed for complex 1d.9 It is
noteworthy that 1d exhibited a high activity even at
relatively high reaction temperatures, around 150 °C,
at least during several minutes (346 kg mmol(cat)-1 h-1,
Mw ) 10.7 × 104 with Al(i-Bu)3/[Ph3C][B(C6F5)4]; 204
kg mmol(cat)-1 h-1, Mw ) 10.7 × 104 with MMAO).

The catalytic activity of 1d for ethylene homopolym-
erization was investigated and compared to that of CGC

(Table 3). Complex 1d exhibited higher activity than
CGC for both cocatalysts. The activities for copolymer-
ization of ethylene and 1-hexene were higher than those
for ethylene homopolymerization. This phenomenon, so-
called “comonomer effect”, is often observed in metal-
locene catalysts.10

Treatment of 1d with MeLi gave the dimethylated
derivative 2d in good yield. The 1H NMR analysis of
the reaction with an excess (5 equiv) of MeLi revealed
that the Ti-Cl bond was initially methylated at room
temperature after 1 h, while the formation of the W-CH3
group was substantiated as a quintet signal at -2.1 ppm
after 24 h. This shows that the methylation of the W-Cl
group is much slower than that of the Ti-Cl group. The
trimethylated complex 3d was isolated in moderate
yield. Both the di- and trimethylated complexes 2d and
3d were structurally characterized by X-ray analysis
(Figure 2). The molecular structures of these complexes
were fundamentally the same as that of 1d.

Both 2d and 3d showed high catalytic activity for
olefin polymerization in combination with Al(i-Bu)3/
[Ph3C][B(C6F5)4] or MMAO (Table 4). The activities of

(8) MMAO is modified methylaluminoxane containing 50% isobutyl
groups.

(9) The polymer yield increased straightforwardly with an increase
in the reaction time at least for 60 min.

Figure 1. Heterobimetallic dinitrogen complexes.

Table 1. Copolymerization of Ethylene and
1-Hexene Catalyzed by Heterobimetallic

Dinitrogen Complexes with
Al(i-Bu)3/[Ph3C][B(C6F5)4]a

entry catalyst activityb Mw
c × 10-4 Mw/Mn

1-hexene
contentd

1 1a 376 77 2.2 2.84
2 1b 9 41 3.0 1.71
3 1c 388 25 1.8 3.21
4 1d 416 58 2.1 2.15
5 1e 252 28 2.0 3.64
6 1f 60 21 2.1 1.68
7 1g 136 92 6.0 1.44
8 CGC 120 38 4.2 8.49
a Conditions: toluene 198 mL, 1-hexene 2 mL, ethylene 0.6

MPa, 60 °C, 1 h, catalyst 0.025 µmol, Al(i-Bu)3 0.25 mmol,
[Ph3C][B(C6F5)4] 1.0 µmol. b kg mmol(cat)-1 h-1. c Determined by
GPC with polystyrene standards. dmol %, determined by 13C NMR
spectroscopy.

Table 2. Copolymerization of Ethylene and
1-Hexene Catalyzed by Heterobimetallic

Dinitrogen Complexes and MMAO Cocatalysta

entry catalyst activityb Mw × 10-4 Mw/Mn

1-hexene
content

9 1a 160 158 3.1 0.70
10 1c 100 63 3.1 1.45
11 1d 510 50 2.2 1.83
12 1e 148 48 2.9 1.27
13 CGC 0.8 64 3.2 2.55
a Conditions: toluene 198 mL, 1-hexene 2 mL, ethylene 0.6

MPa, 60 °C, 1 h, catalyst 0.025 µmol, MMAO 1.0 mmol. b kg
mmol(cat)-1 h-1.

Table 3. Ethylene Homopolymerization Catalyzed
by Heterobimetallic Dinitrogen Complex 1da

entry catalyst cocatalystb activityc Mw × 10-4 Mw/Mn

14 1d B 61 45 4.8
15 1d A 56 121 15.2
16 CGC B 21 31 4.1
17 CGC A 0.8 50 5.4
a Conditions: toluene 200 mL, ethylene 0.6 MPa, 60 °C, 1 h,

catalyst 0.1 µmol. b B: Al(i-Bu)3/[Ph3C][B(C6F5)4] (0.25 mmol/1.0
µmol); A: MMAO (0.5 mmol). c kg mmol(cat)-1 h-1.

Figure 2. Molecular structures of 2d (left) and 3d (right).
One of the two crystallographically independent molecules
is shown. Drawn with 50% probability ellipsoids. Hydrogen
atoms are partly omitted for clarity.

Scheme 1. Methylation of the Heterobimetallic
Dinitrogen Complex 1d
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2d and 3d were, however, apparently lower than that
observed for 1d, presumably because the methyl deriva-
tives are extremely sensitive toward air, moisture, and
light.11 Our attempts to isolate the cationic species from
2d and [Ph3C][B(C6F5)4] have been unsuccessful so far.

Since the niobium-tungsten complex [CpNbCl3(µ-N2)-
WCl(dppe)2]7 produced only negligible amounts of co-
polymers under the same reaction conditions, we pre-
sume that the polymerization proceeds on the titanium
atom in complexes 1-3. The monometallic complex
[CpTiCl3] also showed very low activity. This suggests
that the high catalytic activity of 1 is realized by the
coordination of the [(µ-N2)WX(L)4] (X ) Cl, alkyl) moiety,

as an ancillary ligand, to the titanium center. It is to
be emphasized that the tungsten dinitrogen moiety in
the heterobimetallic complexes might be regarded as a
unique nitrogen ligand containing a metal, which is
quite different from conventional organonitrogen ligands.
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Table 4. Copolymerization of Ethylene and
1-Hexene Catalyzed by the Dimethyl- and

Trimethyl Complexes 2d and 3da

entry catalyst cocatalystb activityc
Mw ×
10-4 Mw/Mn

1-hexene
content

18 2d B 132 81 2.3 1.62
19 3d B 180 105 3.3 1.54
20 2d A 45 108 2.5 1.50
21 3d A 112 77 4.2 1.24

a Conditions: toluene 198 mL, 1-hexene 2 mL, ethylene 0.6
MPa, 60 °C, 1 h, catalyst 0.025 µmol. b B: Al(i-Bu)3/[Ph3C][B(C6F5)4]
(0.25 mmol/1.0 µmol); A: MMAO (1.0 mmol). c kg mmol(cat)-1 h-1.
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