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The copolymerization of conjugated dienes and olefins
is of particular importance but is considered very
difficult because the two classes of monomers behave
differently on polymerization catalysts.

The most widely studied catalysts are vanadium- or
titanium-based. Early studies showed that alternating
copolymers have been obtained at very low tempera-
ture.1 At higher temperatures, homogeneous vanadium2

or heterogeneous titanium3 systems have been reported
to copolymerize dienes and olefins. The resulting co-
polymers have a rather multiblock structure and tend
to form gels.2c,d,3e In addition, the amount of butadiene
inserted into the chains remained low. With group IV
metallocene catalysts, a significant decrease of olefin
polymerization activity has been observed in the pres-
ence of butadiene. Butadiene-ethylene copolymers
containing small amounts of 1,4-trans inserted butadi-
ene were nevertheless obtained.4 However, in some
recent patents, more efficient catalytic systems for
conjugated diene-olefin copolymerization based on
ansa-cyclopentadienyl-amido or phenoxy complexes have
been reported.5

Coordination catalysts based on lanthanides are
known to homopolymerize both conjugated dienes and
olefins. They appear to be promising catalysts for
diene-olefin copolymerization. Some recent studies
showed that some diene polymerization catalysts6 were
able to insert R-olefins to produce diene-olefin copoly-

mers. However, the reported activities were very low,
and the quantity of olefin inserted into the copolymer
remains limited (up to 10 mol %) because of the
inhibiting effect of the olefin.

We report herein efficient catalysts based on nonbulky
neodymocenes which can lead to butadiene-ethylene
copolymers with up to 40 mol % of inserted butadiene.

Recently, we developed a catalyst based on a neutral
base-free neodymocene complex and an equimolar mix-
ture of BuLi/(iBu)2AlH as alkylating agent.7 This cata-
lyst led to high and stable activity in ethylene polym-
erization. In this paper, we studied the ability of such
ternary systems Cp′2NdX (Cp′ ) η5-C5HxR5-x, R ) alkyl
or SiMe3)/BuLi/(iBu)2AlH to copolymerize ethylene and
butadiene. The experimental conditions8 and results are
summarized in Table 1.

Lanthanocene catalysts based on the bulky C5Me5
ligand have been used intensively in ethylene polym-
erization.9 We therefore investigated the behavior of the
(C5Me5)2NdCl(LiCl)(OEt2)2(1)10/BuLi/(iBu)2AlH (ratio 1/10/
10) catalyst system. As shown in Table 1 (runs 1 and
2), this catalyst was active in ethylene polymerization,
but in the presence of 5 mol % of butadiene an important
drop in activity was observed. The resulting copolymer
contained very small amounts of inserted butadiene (0.6
mol %) with a 1,2 (24%) and 1,4-trans (76%) microstruc-
ture. The low activity can be explained by the better
coordination of butadiene, which is more basic than
ethylene, on the metal. The resulting coordinated buta-
diene cannot easily be inserted into the metal carbon
bond and impedes new coordination and insertion of
ethylene.

The less bulky complex (tBuC5H4)2NdCl (2)7 associ-
ated with a BuLi/(iBu)2AlH mixture was inactive in the
presence of 2 mol % of butadiene. This lack of activity
might be due to the formation of a stable η3-allyl bond
after butadiene insertion, which impedes any new
insertion. To investigate this possibility, we added
hydrogen and the polymerization resumed immediately.
After a short period the activity began to decay slowly
but was once again increased with a new addition of
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hydrogen. 13C NMR oligomers analysis showed that
butadiene inserted at the chain ends with a 1,4-trans
configuration. This means that ethylene is not able to
insert itself into the highly stable metal allylic bond
after a butadiene insertion. Hydrogenation of this metal
carbon bond leads to an hydride complex which is able
to polymerize ethylene until the insertion of a new
butadiene monomer (Scheme 1).

To verify the influence of ligand’s electronic effects,
we synthesized the (Me3SiC5H4)2NdCl11 (3) complex.
Actually, the Me3SiC5H4 and tBuC5H4 ligands have the
same steric environment, but the former is less of an
electron donor due to the withdrawing effect of SiMe3.12

For the first time, with the (Me3SiC5H4)2NdCl (3)/BuLi/
(iBu)2AlH (ratio 1/10/10) catalyst system, a significant
activity with efficient butadiene insertion was observed
(run 5). Copolymers containing 3.5 mol % of inserted
butadiene were obtained. In this case, butadiene units
are isolated in the polyethylene chain2b and have a high
1,4-trans microstructure (96%) (Figure 1). It was also
possible to synthesize copolymers containing 16 mol %
of inserted butadiene (run 6). Nevertheless, we noted
that the copolymerization activity of complex 3 as well
as the polymer molecular weight decreased in compari-
son with ethylene polymerization. This means that the
insertion of ethylene into the metal allylic bond does
occur but is not easily done.

We also synthesized the bridged complex [Me2Si(3-
Me3SiC5H3)2]NdCl13 (4). With this compound high ac-
tivities were measured in ethylene polymerization, and
in the presence of 5 mol % of butadiene the activity was
not much affected (runs 7 and 8). A butadiene-ethylene
copolymer containing 6.6 mol % of butadiene with a high
1,4-trans microstructure (98%) was thus obtained.
Moreover, when the amount of butadiene fed to the
reaction was increased from 5 to 40 mol %, we observed
a drop in activity, but a copolymer with a high butadiene
content (42 mol %) was obtained (run 9). Butadiene
units are mostly alternating with ethylene (Figure 2).

The system based on the silylene-bridged complex 4 was
also active for the homopolymerization of butadiene (run
10). It is noteworthy that the butadiene was essentially
1,4-trans inserted. This trans selectivity can be at-
tributed to a η2-trans coordination of butadiene due to
the steric hindrance of the ligands.14

DSC analysis of copolymers was performed, and the
results are shown in Table 1. In contrast to the sharp
melt transition observed for polyethylene, incorporation
of butadiene in the copolymer caused a broadening of
the thermal transition.

In summary, an original synthesis of butadiene-
ethylene copolymers with a neodymium-based system
was achieved. By working on ligands structure it was
possible to efficiently produce copolymers with high

Table 1. Ethylene Polymerization and Butadiene-Ethylene Copolymerization with Neodymocene/BuLi/(iBu)2AlHa

run
complex

([Nd] µM)
yield
(g)

time
(min)

butadiene
(mol %) feed polymerd

microstructured

1,4-cis 1,4-trans 1,2 Mn (PDI)e Tm
f (°C)

1 1 (31) 6.4 30 15700 (12) 132
2 1 (75) 1.4 60 5 0.6 <1 76 24 12950 (5.3) 127
3 2 (213) 13 30 7030 (1.9) 125
4 3 (212) 20 30 12450 (2.6) 130
5 3 (235) 3.7 80 3.9 3.5 <1 96 4 4030 (1.5) 80-114
6 3 (264) 2.0 270 21 16.4 <1 97 3 1810 (1.9) 40-90
7 4 (90) 19.1 30 14680 (2.2) 132
8 4 (202) 13.5 30 5.4 6.6 <1 98 2 7080 (2.5) 70-116, 121
9b 4 (196) 4.8 120 41 42 <1 97.5 2.5 6900 (2.2) 40-80

10c 4 (183) 2.2 1380 100 100 6 88.5 6.5 7700 (1.8)
a Polymerization conditions: 300 mL of toluene; ratio Nd/Li/Al ) 1/10/10; T ) 80 °C, P ) 4 bar. b Pressure was not kept constant. c 30

mL of butadiene was condensed in the reactor. d Determined by 1H and 13C NMR analysis. e Determined by GPC analysis against
polystyrene standard. f Temperature at peak maximum and temperature range are given respectively for sharp and broad melt transitions.

Scheme 1

Figure 1. 13C NMR spectrum of butadiene-ethylene copoly-
mer (run 5). T: 1,4-trans butadiene unit.

Figure 2. 13C NMR spectrum of copolymer containing 42 mol
% of inserted butadiene (run 9).
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butadiene content (up to 40 mol %). Further studies on
the influence of the ligands on butadiene insertion and
on copolymer microstructure are under progress and
will be discussed in further publications.
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