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Introduction

From the polymericular structure point of view, there
are two problems to be solved in an investigation on a
conjugated diene (here in point of isoprene and butadiene)
polymerization with rare-earth catalysts. One problem is
that it is not easy to change the stereoregularity of these
polymers; either high cis-1,4! or high trans-1,4? polymer
was obtained in the polymerization. Another is the
difficulty in getting a polymer of low molecular weight? or
narrow molecular weight distribution.? Attempts to
change for stereoregularity were somewhat unsuccessful
using various methods in the literature. One of the more
effective examples is the polyisoprene containing 51.0%
trans-1,4, 47.5% 3,4, and 1.5% 1,2 structure units with a
(C¢HsCNd)2:nTHF catalyst reported by Chigir et al*
Another example is the polybutadiene containing 80.2%
1,2,15.0% trans-1,4,and 5.0% cis-1,4 structure units with
LiCe(r-allyl);-5TMED by Mazzei.5 However, under usual
polymerization conditions, such a rare-earth catalyst,
which markedly varied the stereoregularity of the polymer,
has not been found in the literature.

In this work, effects of the usual polymerization condi-
tions, such as polymerization temperature, solvent, and
Al/Ln molar ratio, etc., on the stereoregularity and
molecular weight of polyisoprene as well as the catalytic
activity in isoprene polymerization are reported with a
new (8-CHzs-r-allyl); LnClsMge-2TMED(Ln)/R3Al(Al) (Ln
= Nd, Ce, and La, TMED = N,N,N’,N’-tetramethyl-
ethylenediamine, R = Me-, Et-, i-Bu-, and Oct-) catalyst.

Experimental Section

The synthetic method and characterization of the Ln--allyl
complexes have been described elsewhere. Various R3Al (Fluka,
pure except R = Oct-, Merck, 90%) were used without further
purification. n-Hexane, toluene, and o-xylene used as poly-
merization solvents were purified by refluxing with an Na-K
alloy and benzophenone for over 8 hand then distilled and stored
over active aluminas (Shanghai Molecular Sieve Factory).
Chlorobenzene, purified over calcium hydride and distilled and
stored over the aluminas, was also used as a solvent. Isoprene
(solution polymerization grade, Institute of Chemical Engineer-
ing, Jilin, China) was freed of inhibitor by distillation and dried
over the aluminas prior to use. The polymerization procedure
was the same as before.” Polymer microstructures were deter-
mined according to the 3C-NMR method? with an FX-100
spectrometer. All operations of purifying solvents and poly-
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merization procedure were carried out under 99.999 % pure argon
free from moisture and oxygen.

Results and Discussion

The effects of three kinds of Ln-=-allyl complexes on
isoprene polymerization are listed in Table 1. Amongthe
complexes the neodymium complex showed the best
activity under the same polymerization conditions. A
significant result is that a lower molecular weight poly-
isoprene was obtained by using any one of the complexes.
Even when smaller amounts of the complex were added
to the polymerization system, the [5] values of the formed
polymers were lower than 0.5 dL/g (Figure 1), and near-
equibinary cis-1,4-/trans-1,4-isoprene polymers were ob-
tained as shown in Table 1.

The effects of four kinds of alkylaluminums on the
polymerization activity and stereoregularity of the poly-
mers are evident from Table 2. The order of their activities
is as follows: (i-Bu)szAl > EtzAl > MesAl > (Oct);Al. Mes-
Al was capable of forming higher cis-1,4 polymer. Which-
ever alkylaluminum, the [n] value was lower than 0.5 dL/
g. We have proven that the insertion reaction of isoprene
occurs between Ce®* and the =-allyl group instead of
between Ce** and the —-CH;CH(CHa), group in the isoprene
polymerization with the (7-allyl);CeCl;Mgs-2TMED/ (i-
Bu);Al catalyst.? This implies that (i-Bu);Al plays a role
in decreasing the electron density of the active center Ce?*
as a Lewis acid although weak, and the result conduces to
the coordination of the monomer and further increases in
the polymerization activity. If other alkylaluminums also
play the same role as above, the active order of the first
three alkylaluminums corresponds with a dissociation
power, big or small, because the order of their capabilities
to associate is as follows:1® MesAl > Et3Al > (i-Bu)3Al In
the case of (Oct)sAl, the reason is the decreasing role rather
than the probable bigger steric hindrance.

The above effects of catalyst varieties are presented,
and the following effects of three usual polymerization
conditions will be discussed.

Table 3 shows the effects of Al/Ln molar ratios on
isoprene polymerization. The highest activity appeared
at Al/Ln = 6 (molar ratio), and with an increase in the
Al/Ln molar ratios, the [n] values somewhat decreased. It
is worthy to emphasize that the best activity appeared at
such a low Al/Ln molar ratio, and when the Al/Ln values
were increased from 2 to 20, the cis-1,4 structure unit
contents rose from 18.6 to 46.5% and the 3,4 contents
were rather low and hardly changed in the polymers. To
the best of our knowledge, a result similar to that above
hasnot been obtained. The unusual low Al/Lnmolar ratio
may be relevant to the w-allyl complex, which functioned
as the only active species in isoprene polymerization
although with low activity (Table 3, footnote b). Thereby,
provided that the electron density is decreased somewhat
just as mentioned before, the polymerization activity
rapidly increased even if a very small amount of the
alkylaluminum is added.

The stereoregularity was also influenced significantly
by various solvents (T'able 4). Under the same conditions,
when n-hexane was used as the solvent, the cis-1,4 content
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Table 1. Effect of Different Ln-x-Allyl Complexes in
Isoprene Polymerization®
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Table 5. Influence of Polymerization Temperature and
Time on Isoprene Polymerization®

conversion, [n1, cis-1,4, trans-1,4, 3.4, polym  polymn
complex % dL/g % % % temp, °C time,h convn, % «cis-1,4, % trans-14,% 3.4, %
Nd 74.0 0.29 49.3 48.0 2.7 25 3 69.9 48.5 51.5 0
Ce 62.8 0.31 48.2 51.8 0 0 24 24.8 57.0 43.0 0
La 51.2 0.28 50.7 46.5 3.8 -30 72 12.3 79.3 20.7 0

@ All polymerization conditions: [Ln] = 1.25 X 10-2 mol/L, EtzAl/
Ln = 4 molar ratio, [isoprene] = 200 g/L, in toluene as a solvent at
50 °C for 1 h.

Table 2. Effect of Various Alkylaluminums on Isoprene

Polymerization?

R3Al  convn, % [5],dL/g cis-1,4,% trans-1,4,% 3,4, %
MesAl 36.7 0.45 82.6 17.4 0
EtsAl 62.8 0.31 48.2 51.8 0
(i-Bu)sAl 76.5 0.34 58.6 41.4 0
(Oct)3Al 29.4 0.41 67.6 324 0

¢ All polymerization conditions: [Ce] = 1.25 X 10-2 mol/L, Al/Ce
= 4 molar ratio, others identical with those in Table 1.

Tnd] s 7’. Miwi
Figure 1. Relationship between the concentration of the Nd
complex and conversion or [4] of polyisoprene (polymerization
conditions were identical with those in Table 1).

Table 3. Effect of Al/Ce (molar ratios) on Isoprene

Polymerization
Al/Ce
molar ratio convn, % [#],dL/g cis-1,4, % trans-14, % 3.4, %
ob 2.5 45.0 50.7 4.3
0.5 0
2.0 10.8 18.6 779 3.5
6.0 99.0 0.19 40.1 57.4 2.5
15.0 100.0 0.18 43.4 53.9 2.7
20.0 100.0 0.16 46.5 53.5 0

@ All polymerization conditions except b: Al represents EtsAl,
polymerization time 4 h, others identical with those in Table 2. ¢ [Ce]
= 7.85 X 102 mol/L, [isoprene] = 680 g/L, at 70 °C for 15 h.

Table 4. Effect of Different Solvents on Isoprene

Polymerizations
dielectric convn, [y], cis-1,4, trans-1,4, 3,4,
solvent constante % dL/g % % )
n-hexane 1.90 74 030 750 25.0 0
o-xylene 2.43 64.2 040 505 49.5 0
toluene 2.40 816 045 47.2 52.8 0
chlorobenzene 5.62 946 046 54.0 46.0 0
¢ All polymerization conditions: [Ce] = 5.0 X 10-8 mol/L, for 2 h,

others identical with those in Table 3.

in the polymer amounted to 75%, but when toluene was
used as the solvent, it amounted to only 47%. We had
reported!! the effects of nine kinds of solvents (¢ = 1.00~
10.20) on conjugated diene polymerization. Therein, the
cis-1,4 contents in polyisoprene only ranged from 93 to
96 % with a typical homogeneous rare-earth catalyst.

¢ All polymerization conditions: Et;Al as cocatalyst, otheridentical
with those in Table 2.

From Table 5 a remarkable change of the stereoregu-
larity resulted from different polymerization temperatures
and/or polymerization times, while in typical rare-earth
catalysts the change was extremely small.!? In general, it
is unreasonable to change the stereoregularity of the
polymer with the varying time. The main parameter is
probably due to the temperature.

The w-allyl complexes can be considered as a better
model compound for the active species of a rare-earth
catalyst;'® nevertheless a very low activity was shown with
the complex alone. The reason probably is in connection
with its coordinate saturation.
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