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Abstract

The behavior of (C,BgqH,)M(NEt,),(NHEt,) [M = Ti (1), Zr (2)] mono-dicarbollide complexes in olefin and styrene
polymerisation has been investigated. Compounds 1 and 2, when activated by MAO (Al /M = 100 to 1000), polymerise
ethylene with good activity. Surprisingly, 2 can aso be activated with small amounts of triisobutylaluminum (TIBA,
Al /Zr = 3 to 40). The ethylene polymerisation activity of the 2/TIBA catalyst (50°C, 5 am, toluene—chlorobenzene) is
greater than that reported for the CpZrX,;/MAO catalysts but lower by about one or two orders of magnitude than
zirconocene-MAO systems (e.g. Cp,ZrCl,/MAO, rac-(ethylene-bis-1-idenyl)ZrCl ,/MAO). The GPC (gel permeation
chromatography) curve of the polyethylene sample obtained with 2/TIBA catalyst (50°C, 5 atm, toluene—chlorobenzene) is
bimodal indicating that at least two species are active in this system and one is more active than the other. The 2/MAO
system (50°C, 5 atm, toluene—chlorobenzene) slowly polymerises propylene to atactic polymer. Under the same experimen-
tal conditions 1-pentene does not polymerise at all. Compounds 1 and 2, activated with MAO, produce syndiotactic
polystyrene (sPS) with very low activity. Attempts to copolymerise styrene with ethylene by the 1/MAO and 2/MAQO
systems afforded a mixture of the two homopolymers. © 1998 Elsevier Science B.V.
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1. Introduction ylene and a-olefins 2, styrene[7,8]  and conju-
gated dienes *. Cationic d° dialkyl complexes
of genera type CPMR; (M =Ti, Zr; Cp' =
C.H., C.Me;; R=Me, CH,Ph) have been
recognised as the active species in olefin poly-

Monocyclopentadienyl (C.R-)MX, deriva-
tives of the group 4 metals, when properly
alkylated /activated with ionising agents as
MAO, B(C4F.); [Ph,CIIB(C4F;),] and
[HNR,][B(C¢F;),] catalyse the polymerisation

of several unsaturated monomers including eth-
2For MAO activated systems see [1-3]; for B(C4Fy); and
PthB(C6 Fs), activated systems see [4-8].
For MAO activated systems see [9-14]; for B(C4F5); or
Ph,CB(C4Fs), activated systems see [15-18].

* Corresponding author. Fax: + 39-989-953804.
! Present address: Goodyear Tire and Rubber Company, 142
Goodyear Boulevard, Akron, OH 44305, USA.

* For MAO activated systems see [19-26]; for B(C4Fy), acti-
vated systems there are some unpublished results from our labora-
tory.

1381-1169 /98 /$19.00 © 1998 Elsevier Science B.V. All rights reserved.
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merisation [6-8] by those systems. However,
the identity of the species which are active in
syndiospecific styrene polymerisation and con-
jugated diene polymerisation by (C.R,)MX ;-
based catalysts is unknown at present. ESR
investigations of the catalytic systems based on
“half-titanocene’ complexes (C;Me-)TiR, [27—
30] and the polymerisation activity data of these
systems [31] suggest that cationic d* complexes,
‘(CcMey)TiR*’ are involved in styrene poly-
merisation. These Ti(lll) species, which are
probably stabilised by co-ordinated solvent or
monomer, are produced in the polymerisation
conditions via reduction of the initially formed
(CsMe-)MR; ions and produce syndiotactic
polystyrene through a metal assisted poly-inser-
tion mechanism [30,32]. On the other hand sev-
eral lines of experimental evidence suggest that
(CsMe-)TIR; ions can also initiate the carbo-
cationic polymerisation of styrene to atactic
polymer [8,18]. The different activity observed
for these two species in styrene polymerisation
may reflect differences in Lewis acidity /elec-
trophilicity, backbonding ability, co-ordinative
unsaturation and steric properties, all of which
are expected to influence the interaction of the
metal ions with styrene.

One approach to understanding how steric
and electronic factors influence the reactivity of
(C,RLTIR; and (C,R.-)TIR™ cations is to in-
vestigate the chemistry of structurally related
species which have different charges, electron
counts, and/or steric properties. For example,
group 3 metal or lanthanide species of general
type (CcR-)MR,, are neutral isoelectronic ana-
logues of (C.R-)TiIR; (see Scheme 1).

Schaverein has recently shown that
[(CsMe)Y(u-H)(O-2,6-'Bu,-C¢H )], reacts
with terminal olefins to yield trans[(C Mey)Y
(0-2,6-"Bu,-CgH 3)1,( w-H)( u-CH ,-CH ,R)]
alkyl complexes, and catalyses the polymerisa
tion of ethylene, 1-hexene and non conjugated
dienes [33,34]. The reactivity of these species
with styrene has not been reported.

Group 4 meta complexes of genera type
(n5-C,ByH,;;))MR, and (15-C,B,H,;)MR,
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Scheme 1.

which incorporate the dianionic, 6-electron
donor, C,BgH;? (dicarbollide, dc) in place of a
C;R; ligand, are aso isoelectronic with
(CsR-TIR; and (C,Ry)TIR™ cations, respec-
tively [35—40]. While such species are not yet
known, the synthesis of related amide com-
plexes (1°-C,BgH, ) M(NR,),(NHR,) (M =
Ti, Zr; R= Me, Et) has been reported recently
[41]. In other work, it has been shown that
Cp,Zr(NR,), amide complexes can be acti-
vated for olefin polymerisation by MAO [42]
and that treatment of rac-(ethylene-bis-
indenyl)Zr(NR,), and rac-Me,Si(indenyl),
Zr(NR,), with AIR; reagents yields the corre-
sponding metallocene dialkyls which can in turn
be activated for polymerisation by MAO or
cationic activators [43,44]. As an initid ap-
proach to studying the olefin polymerisation
behavior of group 4 meta mono-dicarbollide
complexes, we have investigated the behavior
of (n°-C,BgH,;,)M(NEt,), (NHEt,) [M = Ti
(1), Zr (2)] complexes in olefin and styrene
polymerisation using methylalumoxane (MAO)
and triisobutylaluminum (TIBA) as activators.
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2. Results

2.1. Olefin polymerisation in the presence of
(n5-C, By H,, )M(NEL, ),(NHEL,) (M = Ti (1), Zr
(2)

(n5-C,BgH ) )M(NEL,),(NHEt,) [(M = Ti
(1), Zr (2)], TIBA or MAO aone exhibit little if
any ethylene polymerisation activity. However,
combinations of 1 or 2 with the aluminium
activators produce active catalysts (see Tables 1
and 2). Treatment of 1 with several equivalents
of TIBA (Al /Ti molar ratio = 4-10) affords a
catalyst which exhibits low activity in ethylene
polymerisation (entries 1, 2). In contrast treat-
ment of 1 with a large excess of MAO (Al /Ti
molar ratio=400) affords a catalyst which
polymerises ethylene with good activity at 50°C
and 1 atm of monomer pressure (entry 3). The
activity of the 1/MAO catalyst is comparable
to that of CpTiCl;/MAOQ (entry 4) and superior
to that of Cp* TiCl,/MAO (entries 6, 7) under
the same conditions. For a more realistic com-
parison, the activity of CpTiCl,/MAO and
Cp*TiCl;/MAOQO catalysts poisoned with two
equivalents of diethylamine was investigated
(entries 5, 8). Inspection of Table 1 showsthat 1
is more active than the (Co,R:)TiX ; complexes
after treatment with diethylamine.

113

Treatment of zirconium complex 2 with MAO
affords a catalyst which polymerises ethylene
with activity comparable to that of 1 under the
same condition described above (Table 2, en-
tries 9-14). The productivity of this catalyst
does not depend strongly on MAO level (entries
9-11) and increases amost linearly with poly-
merisation time (entries 9, 12—14).

Surprisingly, activation of 2 with severa
equivalents of TIBA (Al/Zr molar ratio= 3—
40) also produces catalysts exhibiting good ac-
tivity for ethylene polymerisation at 50°C and 1
atm of monomer pressure (Table 2, entries 15—
17). The productivity of this system does not
increase when the Al /Zr molar ratio is in-
creased from 10 to 40/1. Increasing the ethy-
lene pressure from 1 to 5 atm (see entries
18-21) produces an increase of the productivity
of both the 2/MAO and 2/TIBA cataysts.

The GPC curve of the polyethylene sample
obtained with the 1/MAO catalyst at 1 atm of
monomer pressure (entry 3) is bimodal and the
two broad components exhibit almost the same
intensity. One fraction corresponds to high
molecular weight polyethylene (M,, larger than
1 X 10° dalton) while the other corresponds to
lower molecular weight material (M,, = 45000).
The GPC curve of the sample obtained with
2/MAO catalyst under the same condition (en-

Table 1

Polymerisation of ethylene using different titanium complexes as catalyst?

Entry Catalyst Cocatalyst Al /Ti molar ratio Time (min) Yield® (mg)
1 (dO)TI(NEt,),(NHEL,) TIBA 4 45 27
2 (dO)Ti(NEt,),(NHEt,) TIBA 10 45 65
3 (dO)Ti(NEL,),(NHEL,) MAO 400 45 441°
4 CpTiCl4 MAO 400 45 335
5 CpTiCl; + 2NHEt, MAO 400 45 230
6 Cp*TiCl, MAO 400 45 90
7 Cp*TiCl, MAO 400 120 346
8 Cp” TiCl,; + 2NHEt, MAO 400 45 19

#Polymerisation conditions: 4.0 X 10™° mol of the organometallic precursor; solvent =40 ml of toluene; temperature = 50°C; ethylene

pressure= 1 atm.

bPolymerisation yields are average value of 3 runs and are affected by an error estimated as + 5%.
®The GPC analysis of this polymer shows a bimodal curve with average molecular weight M,, = 1120000 dalton. The melting point of the

polyethylene sample is T,,, = 131°C (determined by DSC).
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Table 2

Ethylene polymerisation with (dc)Zr(NEt,),(NHEt,)

Entry Amount of catalyst Cocatalyst Al /zZr Time Ethylene pressure Yield T (°C)
(10° mol) molar ratio (min) (atm) )]

92 4.0 MAO 100 45 1 0.595 128
102 40 MAO 400 45 1 0.477¢ 130
112 4.0 MAO 1000 45 1 0.420 127
128 40 MAO 100 20 1 0.298 127
132 4.0 MAO 100 80 1 0.697 128
142 40 MAO 100 120 1 0.890 130
152 4.0 TIBA 3 45 1 0.151 130
162 40 TIBA 10 45 1 0.922 131
172 4.0 TIBA 40 45 1 1.076 123
18° 8.0 MAO 100 5 5 6.392° 133
19° 8.0 TIBA 40 5 5 7.195 124
20° 40 TIBA 40 5 5 6.620 129
21° 1.0 TIBA 40 5 5 3.630 130

#Polymerisations carried out at 50°C in a 100 ml glass reactor (see Section 4).
® Polymerisations carried out at 50°C in Buchi glass autoclave (1 | flask) (see Section 4).

°Determined by DSC analysis.
9M,, = 105000 dalton; M,, /M, = 50.
M,, = 94000 dalton; M,,/M,, = 15.

"The GPC analysis of this polymer shows a bimodal behavior and the prevalent component presents M,, = 2200 dalton and M,,/M, = 3.

try 10) is very broad (M, /M, =60) and the
average molecular weight of the polymer is
M,, = 104000 dalton. GPC analysis of the poly-
ethylene sample obtained with the 2/TIBA cat-
ayst at high ethylene pressure (5 atm) (entry
19) exhibited a bimodal profile with one peak
much more abundant than the other one (about
20:1). The largest peak corresponds to low
molecular weight polyethylene with a narrow
polydispersity (M,, = 2200 dalton; M,,/M, =
3.3) whereas the latter corresponds to a polymer

with a higher molecular weight and a very
broad polydispersity (M,,/M, =20 and M, =
100000 dalton). The GPC curve of the sample
obtained by 2/MAQO catalyst (entry 18) pre-
sents M,,/M,, =15 and M,, = 94000 dalton.
These results suggest that severa active
species are formed in these catalytic systems.
However, in the 2/TIBA catalyst (50°C, 5 atm
of ethylene) one of these species appears to be
much more active than the others and mainly
produces low molecular weight polyethylene.

Table 3

Polymerisation of styrene using (dc)M(NEt,),(NHEt,) (M = Ti(1), Zr(2) as the catalyst?

Entry Catalyst Cocatalyst Al /M molar ratio T(°C) Time (h) Yield (mg) % sPs”
22 (do)Ti(NEt,),(NHEL,) TIBA 4 50 18 238 —

23 (do)Zr(NEt,),(NHEL,) TIBA 4 50 18 — —

24 (dO)Ti(NEL,),(NHEL, )¢ MAO 800 80 67 216 8

25 (do)Zr(NEt,),(NHEt,)¢ MAO 800 80 67 113 12
274 CpTiClg MAO 1000 90 0.2 3170 89

#Polymerisation conditions: 4.0 X 10~° mol. of catalyst, toluene (30 ml), styrene (10 ml).
®Evaluated by w/w % after extraction of the raw polymer with 2-butanone.
“The toluene solution of the organometallic precursor was treated with TIBA at room temperature before the injection into the reactor (see

Section 4).

9This run was reported for comparison (see Macromol. Chem. Phys 196 (1995) 3015).
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The melting points of the polymers obtained
by 2/MAO and 2/TIBA catalysts (Table 2) are
lower than that reported for linear high molecu-
lar weight polyethylene (134°C). This finding
can be explained considering the low molecular
weight of the polymer products obtained by
these catalysts.

We also explored the polymerisation of higher
olefinsin the presence of 2 activated with TIBA
or MAO. Propene was polymerised to atactic
polymer with low activity while 1-pentene does
not polymerise at al under the same conditions
(see Section 4).

2.2. Syrene polymerisation in the presence of 1
and 2

Mixtures of either 1 and 2 with TIBA (Al /M
molar ratio = 4) do not polymerise styrene at all
(Table 3, entries 22, 23). On the contrary, when
the same organometallic precursors were treated
with TIBA (Al/M molar ratio=20) at room
temperature and then injected in the reactor
containing the mixture of styrene and the proper
amount of MAO thermostated at 80°C, the poly-
mer recovered contained traces of syndiotactic
polystyrene identified by DSC analysis and *H
NMR spectroscopy (entries 24, 25). Attempts to
copolymerise styrene with ethylene afforded a
mixture of the two homopolymers (see Section
4).

3. Discussion

The group 4 metal mono-dicarbollide com-
plexes 1 and 2, when activated with MAO,
polymerise ethylene with good activity at 1 atm
of monomer pressure and 50°C. Despite the
presence of co-ordinated amine the productivity
of the dicarbollide-Ti catalyst is comparable
with that of the corresponding base-free cy-
clopentadienyl catalysts CpTiCl,/MAO and
(CsMeg)TiCl;/MAO. Under the same experi-
mental conditions, the 1/MAO and 2/MAO
systems exhibit similar ethylene polymerisation

activity but the former produces polymers with
higher average molecular weights (compare en-
tries 3 and 10).

On the contrary, 2/TIBA is much more ac-
tivethan 1/TIBA at 1 atm of ethylene pressure.
Interestingly, at 5 atm of ethylene pressure the
2/TIBA catalyst exhibits a polymerisation ac-
tivity ( A= 20 kg polymer /g Zr X h) which is
higher than those observed for CpZrR;—MAO
(A=4 kg polymer/g Zrxh) and CpZrR,—
B(C¢Fs); systems( A = 6 kg polymer /g Zr X h)
under the same conditions [6]. However, the
activities of these haf-sandwich catalysts are
significantly lower than those of metallocene
cataysts, eg. Cp,ZrCl,/MAO (A=600 kg
polymer/g Zr X h); rac-(ethylene-bis-1-
indenyl),ZrCl,/MAO ( A= 420 kg polymer /g
Zr X h) [45-47].

As described in the previous section, GPC
analysis of the polyethylene samples produced
by dicarbollide complexes 1 and 2 indicates that
these catalysts contain several active species.
Interestingly, in the 2-based systems one species
is much more active than the other ones and
produces a low molecular weight polyethylene
fraction. The structure of this species is un-
known at present.

Both 1 and 2, when activated with MAO and
TIBA, are poorly active in syndiospecific styrene
polymerisation (sPS). Only traces of sPS were
obtained in some cases by these systems (Table
3) most probably arising from the decomposi-
tion of the catalysts to minor species. One pos-
sible reason for this lack of activity is that
reductive decomposition to Ti(lll) may be dis-
favoured by the dicarbollide ligand. This result
suggests that electronic requirements, namely d*
electronic configuration of the metal centre,
could be determining the activity of the cata
lysts in sPS polymerisation.

The failure to copolymerise styrene with eth-
ylene by dicarbollide catalysts also confirms
that the active species for styrene and olefin
polymerisation are different in the catalytic sys-
tems based on group 4 metal complexes [48,49].
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4. Experimental
4.1. General procedures and materials

All manipulations were performed under ni-
trogen atmosphere using standard Schlenk type
techniques or a Braun dry box. Solvents were
distilled from the appropriate drying/de-
oxygenating agents and stored under nitrogen
prior to use. Toluene (Carlo Erba) was treated
with concentrated sulphuric acid, followed by
washing with saturated bicarbonate solution and
distilled water to remove thiophene. It was dried
over calcium chloride and finally distilled from
sodium-benzophenone before the use. Polymeri-
sation grade ethylene was purchased from Soci-
eta Ossigeno Napoli (S.0.N.) and used without
any further purification. Styrene (Aldrich) was
purified by distillation at reduced pressure from
calcium hydride. Al(i-but); (TIBA) purchased
from Aldrich, was checked for the purity by *H
NMR before use. MAO, purchased from Witco
as 30% w /w toluene solution, was dried under
vacuum at 50°C to remove toluene and AlMe,
and used as white solid. CpTiCl ;[50], Cp* TiCl ,
[51], (¢°>-C,ByH ) Ti(NEt,),(NHEt,) [41] and
(n°-C,BgH,;)Zr(NEt,),(NHEt,) [41] were pre-
pared according to the literature.

Gel Permeation Chromatography (GPC) mea-
surements were performed at 135°C on a Waters
150-C equipped with Progel TSK columns us-
ing o-dichlorobenzene as solvent. The calibra-
tion was based on standard polystyrene samples
with narrow molecular weights distributions.

Differential Scanning Calorimetric measure-
ments (DSC) were carried out on Du Pont
calorimeter using a heating rate of 10°C/min.

4.2. Polymerisation procedures

Polymerisation runs 1-17 were carried out
with the following general procedure. Toluene
(35 ml) and the proper amount of MAO or
TIBA were introduced into a 100 ml glass flask
equipped with a magnetic stirrer and ther-
mostated at the polymerisation temperature. The

flask was evacuated and the nitrogen atmo-
sphere was replaced with ethylene. The poly-
merisations were started by introducing the
organometallic precursor dissolved in 5 ml of
chlorobenzene. Polymerisation runs were
stopped with 5 ml of ethanol acidified with
HCI, and the polymer product was coagulated
with a large excess of acidified ethanol, recov-
ered by filtration, washed with fresh ethanol and
dried in vacuo at 70°C.

For runs 18-21, 65 ml of a toluene contain-
ing the proper amount of MAO or TIBA were
introduced into a Buchi glass autoclave equipped
with a mechanical stirrer and thermostated at
50°C in nitrogen atmosphere. The proper amount
of (n>-C,BgH,;) Zr(NEt,),(NHEt,) dissolved
in 15 ml of chlorobenzene was introduced into
the autoclave and ethylene was fed a 5 atm.
The monomer pressure was kept constant over
the polymerisation runs. After coagulation with
ethanol acidified with HCI, the polymers were
filtrated, washed with methanol and dried in
vacuo at 70°C.

Propylene polymerisation was carried out fol-
lowing the procedure described for runs 17—20.
The autoclave was charged with MAO (1.856 g,
32 mmoles) and toluene (65 ml) and ther-
mostated at 50°C. (1°-C,BgH,)Zr(NEt,),
(NHEt,) (36 mg, 4 wmol) in chlorobenzene (15
ml) was added into the reactor. Propylene was
fed at 5 atm to start the polymerisation and the
monomer pressure was kept constant for the
polymerisation time (2 h). Yield 100 mg of
atactic polypropylene.

1-Pentene polymerisation was carried out in a
100 ml glass flask equipped with a magnetic
stirrer. The flask was charged with MAO (928
g, 16 mmoles), toluene (3 ml) and 1-pentene (5
ml) and thermostated at 25°C. The polymerisa-
tion was started by introducing a solution of
(n5-C,BgH,,)Zr(NEL,)(NHEL,) (18 mg, 4
wmol, Al /Zr molar ratio = 400) in chloroben-
zene (5 ml) and run for 12 h. No polymer or
oligomers were recovered from the solution af-
ter treatment with acidified methanol and re-
moval of the polymerisation solvent.
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Styrene polymerisation experiments (runs
22-26) were carried out in a 100 ml glass flask
equipped with a magnetic stirrer. For runs 22—
23, the flask was charged with toluene (30 ml),
the proper amount of TIBA and styrene (5 ml)
in the order and the solution was thermostated
a 50°C. The polymerisation was started by
injecting aslurry of 1 or 2 (40 wmol) in toluene
(5ml). The polymer was coagul ated with ethanol
acidified with HCI, isolated by filtration and
dried in vacuo at 80°C. For runs 25—26 the flask
was charged with toluene (30 ml), the proper
amount of solid MAQ and styrene (5 ml) in the
order and the mixture was thermostated at 80°C.
The polymerisation was started by injecting a
slurry of 1 or 2 (40 umol) in toluene (5 ml)
precontacted with TIBA (Al/M molar ratio =
20) for 10 minutes at room temperature. The
polymer was coagulated with ethanol acidified
with HCI, isolated by filtration and dried in
vacuo at 80°C. sPS was isolated by extraction of
the raw polymer with 2-butanone.

4.3. Syrene—ethylene copolymerisation

A 100 ml glass reactor was charged with
toluene (30 ml), styrene (10 ml) and solid MAO
(928 g, 16 mmoles). The flask was evacuated,
ethylene was fed at 1 atm and the solution was
thermostated at 50°C. Polymerisation was started
by injecting a solution of (5?%-
C,BgH,)Ti(NEt,),(NHEt,) (16 mg, 40 pwmol,
Al /Ti molar ratio = 400) in toluene (5 ml) and
run for 4 hours. The reaction was stopped by
adding 2 ml of methanol acidified with HCI and
the polymer product coagulated in large excess
of methanol, recovered by filtration, washed
with methanol and dried in vacuo at 80°C (Yield
81 mg). The polymer was fractionated with
2-butanone in a Kumagawa extractor. Polyethy-
lene (16 mg) and atactic polystyrene (57 mg)
were identified by *H NMR spectroscopy and
DSC analysis in the insoluble and soluble frac-
tions respectively.

Styrene and ethylene copolymerisation car-
ried out in the same experimental conditions

using (n°-C,BgH,,)Zr(NEt,),(NHEt,) pro-
duced 197 mg of polymer which was shown to
consist of polyethylene (90 mg) and of atactic
polystyrene (107 mg).

Acknowledgements

Financial support by the Italian Ministry of
University and Research (M.U.R.S.T.) and by
Italian National Research Council (C.N.R.) is
gratefully acknowledged. Authors wish to tank
Dr. Ines Mingozzi (Montell Italia) for GPC
measurements.

References

[1] K. Soga, R.J. Park, Y. Shioni, Polym. Commun. 32 (1991)
310.

[2] JM. Canich, G.G. Hlatky, H.W. Turner, Int. Pat. Appl. WO
9200,333, Chem. Abstr. 116 (1992) 174967z.

[3] J.C. Flores, J.C.W. Chien, M.D. Rausch, Organometallics 13
(1994) 4140.

[4] C. Pellecchia, A. Proto, P. Longo, A. Zambelli, Makromol.
Chem. Rapid Commun. 13 (1992) 263.

[5] D. Jeremic, Q. Wang, R. Quyoum, M.C. Baird, J. Organomet.
Chem. 497 (1995) 143.

[6] C. Pellecchia, A. Proto, P. Longo, A. Zambelli, Makromol.
Chem. Rapid Commun. 13 (1992) 277.

[71 R. Quyoum, Wang, M.-J. Tudoret, M.C. Baird, J. Am.
Chem. Soc. 116 (1994) 6435.

[8] Q. Wang, R. Quyoum, D.J. Gillis, M.-J. Tudoret, D. Jeremic,
B.K. Hunter, M.C. Baird, Organometallics 15 (1996) 693.

[9] N. Ishihara, T. Seimiya, M. Kuramoto, M. Uoi, Macro-
molecules 19 (1986) 2464.

[10] N. Hishihara, M. Kuramoto, M. Uoi, European Patent 21061
(1987) (to Idemitsu Kosan Co.), Chem. Abstr. 106 (1987)
177084p.

[11] N. Ishihara, M. Kuramoto, M. Uoi, Macromolecules 21
(1988) 3356.

[12] T.H. Newman, R.E. Campbell, M.T. Malanga, Homogeneous
Metallocene Catalysts for the polymerization of Syndiotactic
Polystyrene, in: Proceedings of the World Metallocene Con-
ference (MetCon 93), Catalyst Consultants, 1993, pp. 315—
324.

[13] T.E. Ready, R.O. Day, JC.W. Chien, M.D. Rausch, Macro-
molecules 26 (1993) 5822.

[14] J.C. Flores, JS. Wood, J.C.W. Chien, M.D. Rausch,
Organometallics 15 (1996) 4944.

[15] R.E. Campbell, U.S. Patent 5,066,741 (1991) (to Dow Chem-
ical, Midland, MI) continuation of Eur. Pat. Appl. Ep 421,659
(Chem Abstr. 115 (1991) 72440j).

[16] C. Pellecchia, A. Proto, P. Longo, A. Zambelli, Makromal.
Chem. Rapid Commun. 13 (1992) 277.



118 S. Saccheo et al. / Journal of Molecular Catalysis A: Chemical 128 (1998) 111-118

[17] H. Kucht, A. Kucht, JC.W. Chien, M.D. Rausch, Appl.
Organomet. Chem. 8 (1994) 393.

[18] T.D. Scaffer, JR. Ashabaugh, J. Polym Sci. Polymer Chem.
35 (1997) 329.

[19] W. Skupkinski, I. Ciedowska-Glinka, A. Wasilewski, J. Mol.
Catal. 33 (1985) 129.

[20] A. Zambelli, P. Ammendola, A. Proto, Macromolecules 22
(1989) 2126.

[21] L. Oliva, P. Longo, A. Grassi, P. Ammendola, C. Pellecchia,
Makromol. Chem. Rapid Commun. 11 (1990) 519.

[22] G. Ricci, L. Porri, Macromolecules 27 (1994) 868.

[23] A. Zambelli, A. Proto, P. Longo, P. Oliva, Macromol. Chem.
Phys. 195 (1994) 2623.

[24] G. Ricci, L. Porri, A. Giarrusso, Macromol. Symp. 89 (1995)
383.

[25] P. Longo, P. Oliva, A. Proto, A. Zambelli, Gazz. Chim. Ital.
126 (1996) 377.

[26] P. Longo, A. Proto, P. Oliva, A. Zambelli, Macromolecules
29 (1996) 5500.

[27] U. Bueschges, J.C.W. Chien, J. Polym. Sci. A 27 (1989)
1525.

[28] J.C.W. Chien, Z. Sdaka, S. Dong, Macromolecules 29
(1992) 3199.

[29] A. Grassi, C. Pellecchia, L. Oliva, F. Laschi, Macromol.
Chem. Phys. 196 (1995) 1093.

[30] A. Grassi, A. Zambelli, F. Laschi, Organometallics 15 (1996)
480.

[31] A. Grassi, C. Lamberti, A. Zambelli, I. Mingozzi, Macro-
molecules 30 (1997) 1884.

[32] C. Pellecchia, D. Pappdardo, L. Oliva, A. Zambelli, J. Am.
Chem. Soc. 117 (1995) 6593.

[33] C.J. Schaverein, J. Chem. Soc. Chem. Commun. (1992) 11.

[34] C.J. Schverein, Organometallics 13 (1994) 69.

[35] D.J. Crowther, N.C. Baezinger, R.F. Jordan, J. Am. Chem.
Soc. 113 (1991) 1455.

[36] D.J. Crowther, N.C. Baezinger, R.F. Jordan, ACS Polymer
Preprints 33 (1992) 1228.

[37] D.J. Crowther, R.F. Jordan, Makromol. Chem. Macromal.
Symp. 66 (1993) 121.

[38] C. Kreuder, RF. Jordan, H. Zhang, Organometallics 14
(1995) 2993.

[39] D.J. Crowther, D.C. Swenson, R.F. Jordan, J. Am. Chem.
Soc. 117 (1995) 10403.

[40] M. Yoshida, D.J. Crowther, R.F. Jordan, Organometallics 16
(1997) 1349.

[41] R.F. Jordan, D.E. Bowen, R.D. Rogers, Organometallics 14
(1995) 3630.

[42] L. Luciani, F. Milani, L. Gila, E. Ballato, EP 0 595 390 A1l.

[43] 1. Kim, R.F. Jordan, Macromolecules 29 (1996) 489.

[44] G.M. Diamond, R.F. Jordan, L.J. Petersen, Organometallics
15 (1996) 4045.

[45] E. Giannetti, G.M. Nicoletti, R. Mazzocchi, J. Polym. Sci.
Polym. Chem. Ed. 23 (1985) 2117.

[46] W. Kaminsky, presentation at Metcon '95, May 1995, USA.

[47] JAM. van Beek, presentation at Metcon '95, May 1995,
USA.

[48] P. Longo, A. Proto, A. Zambelli, Macromol. Chem. Phys.
196 (1993) 3015.

[49] C. Pellecchia, D. Pappaardo, M. D’Arco, A. Zambelli,
Macromolecules 29 (1996) 1158.

[50] A.M. Cardoso, R.J.M. Clark, S. Moorhouse, J. Chem. Soc.
Dalton Trans. (1980) 1156.

[51] G. Hidalgo Llinas, M. Mena, F. Paacios, P. Royo, R.
Serrano, J. Organomet. Chem. 340 (1988) 37.



