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Abstract

A new set of allyl-functionalized cyclopentadienyl (Tfanthanocenes were synthesized and characterized by MS, IR and
EA. A structure in which the lanthanide metal is a nine-coordinate center solvated by two THF molecules was proposed.
No evidence of intramolecular coordination of the alkenyGCto the central metal was observed. Single component bulk
polymerization of MMA catalyzed by Cpyttrocene indicated that at the optimum condition of@and MMA/catalyst
molar ratio of 400:1 a predominantly syndiotactic £170%) polymer withM,, > 500,000 and molecular weight distribution
(Mw/My) < 1.4 is obtained. The effects of variation in temperature, time of polymerization and initiator concentration was
also studied. The title catalysts showed moderate activity for MMA/catalyst molar ratio of up to 1200:1. At a molar ratio of
800:1 a polymen, = 1.6 x 10° was obtained. The electron donating influence of the functional group on catalyst activity
was discussed. The effects of co-catalysts on the polymerization were also studied.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Reports have shown that thealkenyl (CH,=CHR-)
Cp ligands have been successfully used for the syn-
Metallocene complexes bearing substituents at the thesis of organometallic complexes with €&; Ni
cyclopentadienyl (Cp) rings have been of greatimpor- (I1) [10]; Ti [7,11]; Zr [1,8,11] and Hf [1] metals.
tance to organometallic chemistry and catalydis Qian et al.[12] have found its Ti— based complexes
This interest is due to their capacity to act as coordi- to exhibit high conversion (100%) in the isomer-
nation polymerization catalysts or catalyst precursors ization of 1,5-hexadiene. A very recent revi¢hg]
[2]. A variety of functional groups have been studied outlined the importance of functionalized-Cp ligands
as side-chain additions to the Cp ring. These includes and their application in organometallic synthesis, but
alkoxyalkyl (ROR) [3]; alkyl (R-) [4]; trialkylsily- to the best of our knowledge there is no report yet on
lene (RSi-) [5]; amine (RN-) [6]; and w-alkenyl the application of (Ch=CHR-)-functionalized-Cp

(CH2=CHR-)[7,8] based metallocenes. ligand to form rare-earth metals complexes. The in-
troduction of w-alkenyl-substitution to ordinary Cp

" * Corresponding author. Fax:86-21-6470-2573. compounds creates two types of situations chemi-

E-mail address: gianling@online.sh.cn (Y. Qian). cally, both have been reported in the literat(t8].
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On one hand, the side group may coordinate to the dry argon, then cooled te-30°C using a combina-
central metal in which case a product more stable tion of dry ice/acetone as coolant. Then, 0.5 mol (33 g)
than the un-substituted Cp metallocene is obtained. of freshly cracked CpH was slowly dropped on to a
On the other hand, no intra-molecular coordination slightly excess molar quantity of Na wire (139) in
was observed and the metallocene will easily undergo 300 ml THF, and stirred until no further sign of activ-
further reactions (e.g. insertion and even substitution) ity on the surface of the Na wire.

via the G=C double bonds. Both situations will have

some impact on the activity of the substituted Cp 2.2. Characterization

metallocene in catalysis.

One of the principal targets in catalyst design has  The 'H NMR spectra were recorded on a Bruker
been a single-component catalyst with the activities AVANCHE5S00 500 MHz NMR spectrometer at room
of the commonly employed two-component systems temperature in CDGl Inherent viscosity of poly
but without the need for co-catalysts. The incorpo- MMA in CHCI3 was determined at 3@ with an
ration of an alkenyl side-chain to a Cp ring attached Ubbelohde-type viscometer. Viscosity average molec-
to a lanthanide metal center is expected to yield ular weight was calculated ag][= 5.5x 1073 M, %7°
self-activating catalysts for the initiation of polymer- (cm®/g) (where M, = viscosity average molecu-
ization of both polar and non-polar monomers. In lar weight). Molecular weight distributionMy,/Mp)
the light of this, we hereby report on the synthe- values were obtained from Waters-208 LC/GPC chro-
sis of 2-propenyl (CH=CHCH,-)-functionalized-Cp matograms employing polystyrene standards for cal-
lanthanide complexes and their application as MMA ibration. Mass spectra were obtained on a HP5989A
polymerization catalysts. mass spectrometer with El (70eV). Infrared spectra

were recorded on a Nicolet Magna-IR 550 spectrom-
eter as KBr pellets. Element analyses were performed
2. Experimental by the analytical laboratory of Shanghai Institute of
Organic Chemistry.
2.1. Materials
2.3. Preparation of ligand: allyl-cyclopentadienyl

All operations involving the handling of air sensitive  potassium
materials were carried out under dry argon using stan-
dard Schlenk techniques. Tetrahydrofuran (THF), di- The ligand was synthesized by a slight modifica-
ethyl ether, toluene andhexane were freshly distilled  tion of the method of Erker and AUl]. Into a dry
from sodium benzophenone ketyl under argon prior 500 ml three-necked flask fitted with an overpressure
to use. MMA (Shanghai Fei Da Chemical Reagent bubbler and magnetic stirrer was transferred 300 ml
Factory) was washed with dilute NaOH solution un- of dry ether. Then 0.2 mol (38 g) recrystallized Ts—Cl

til colorless, dried over anhydrous CaGbr 2 days, was added and stirred for 5min to dissolve. The flask
CahH, for another 2 days, then vacuum distilled into was then chilled in ice to 08 and 0.2 mol (14 ml)
ice-cooled container containing CaH allyl alcohol was added drop wise via syringe. Then

Anhydrous lanthanide trichlorides were prepared 15g grounded KOH was slowly added to initiate the
according to literatur@l4] from the oxides (Shanghai  highly exothermic reaction. Stirring was continued for
Yue Long non-ferrous metals company). Allyl alco- further 3 h at room temperature. The solution was fil-
hol (Shanghai Chemical Reagent Factory) was dried tered through a Buckner funnel and the ether removed
over Na@SOy and distilled prior to use collecting the in vacuum to give 42 g (99%) of a clear liquid.
middle fraction.«-Toluenesulfonyl chloride (Ts—Cl, NaCp (0.2 mol) was transferred to a pre-dried and
China Songjiang Glue and Chemical Reagent Com- argon-flushed 500 ml three-necked flask with one arm
pany) was recrystallized from petroleum ether. NaCp of the flask fitted with an overpressure oil bubbler. On
was prepared by the usual method. For example, to the middle arm of the flask was a mechanical stirrer
prepare 0.5mol NaCp, a 500 ml three-necked flask set at a moderate speed. Then the flask was cooled
was first vacuum dried and flushed several times with to —30°C and the allyl tosylate was slowly dropped
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Scheme 1.

from the third arm. Stirring was continued for a fur-
ther 3h. Then the white cake-like solution was hy-
drolyzed with 100 ml of acidified ice water (5% HCI).

2.4.1. (CH2=CHCH2Cs5H4)2Sm-CI-2THF (3a)

Orange oil, 52% yield. Analytically calculated for
C24H34SMOG,CI: C, 53.43; H, 6.37. Found: C, 53.01;
H, 6.11. IR (cnT!) 34205, 3080s, 3000 m, 2950s,
2920s, 1980w, 1820w, 1715m, 1660s, 1637s,
1600m, 1530w, 1490m, 1430 m, 1410 m, 1360 m,
1300m, 1250m, 1200m, 1165m, 1045m, 995m,
905s, 850m, 820m, 770s, 570s. MS date/z
[fragment, relative intensity (%)} 397[M — 2THF,

1], 362[M — 2THF — CI, 100], 257[CH=CHCH,
CsHaSm, 21], 106[CH=CHCH,CsHg, 66], 72[THF,
6], 66[CpH, 19].

2.4.2. (CH,=CHCH2Cs5H4),Y-CI-2THF (3b)

Pale yellow oil, 55% vyield. Analytically calculated
for C24H34YO,CI: C, 60.30; H, 7.18. Found: C, 59.44;
H, 6.80. IR (cnT!) 3400s, 3080s, 3000 m, 2950s,
2920s, 1980w, 1820w, 1715m, 1660s, 1637s,
1600s, 1530w 1490w, 1430m, 1410w, 1360m,
1300w, 1260w, 1200w, 1165w, 1045w, 995m,

The aqueous layer was washed with two portions 30 ml 905m, 850w, 820w, 770m, 680m. MS dataz

ether. The combined organic portion was dried over [

fragment, relative intensity (%)} 334[M — 2THF,

MgSQO, and distilled under reduced pressure, giving 4], 299[M—2THF—Cl, 8], 194[CH=CHCH,CsHaY.

the product in 42% yield at 27-3C, 15 mm Hg. The

1], 106[CH=CHCH,CsHs, 77], 72[THF, 3], 66[CpH,

colorless product was reacted with an excess amount15]

of potassium chips in THF at20°C to give the

reddish colored ligand 2-propenyl cyclopentadienyl 2.4.3. (CHo=CHCH,CsHa),Er—Cl.2THF (3¢)
potassium. The general synthetic route is presented in  vgjiow oil, 45% yield. Analytically calculated for

Scheme 1

2.4. Synthesis of complex: (CH,=CHCH>Cs5Hj)2
Ln—CI-2THF, Ln = Sm; Y; Dy; Er

CoaH34ErOxCl: C, 51.81; H, 6.17. Found: C, 51.80;
H, 5.78. IR (cnT!) 3500s, 3080s, 3000 m, 2950s,
2920s, 2880s, 2740w, 1980w, 1820w, 1715m,
1637s, 1600s, 1530w 1490w, 1460m, 1430s,
1360m, 1300w, 1260w, 1200w, 1050w, 1045m,

All four complexes were synthesized via the same 995m, 905s, 830m, 780s, 680s. MS daté [frag-

route. Typical is the case of the erbium complex:

ment, relative intensity (%)& 411[M — 2THF, 13],

to pre-dried Schlenk tube was transferred 0.95g 376[M— 2THF— Cl, 93], 271[CH=CHCH,CsH4Er,

(3.43mmol) of ErG4, followed by 30ml of THF.
After stirring for 5 min, two molar equivalent of the
ligand (6.86 mmol) allyl-Cp potassium was syringed

6], 106[CH=CHCH,CsHg, 27], T4[THF + 2, 2],
66[CpH, 2].

in, degassed and sealed. After stirring for 24 h at room 2.4.4. (CH,=CHCH2CsH4)>,Dy-Cl-2THF (3d)

temperature, the reaction mixture was centrifuged, Yellow oil, 42% yield. Analytically calculated for
and the light yellow solution was concentrated in Cz4H34DyO-Cl: C, 52.26; H, 6.23. Found: C, 52.16;
vacuo. The crude oily product was extracted twice H, 5.50. IR (cnT!) 3400s, 3080s, 3000s, 2950s,
with diethyl ether and twice witm-hexane. Removal 2920s, 1980w, 2200w, 1820w, 1730m, 1660 m,
of volatiles in vacuo gave a clear yellow oily complex 1637s, 1430w, 1410w, 1380w, 1350w, 1290w,
in 45% yield. The prepared complexes were analyzed 1260w, 1200w, 1090w, 1060w, 1045w, 995m,
by EA, MS and IR. Analytical data are presented 905m, 850w, 820w, 680 m, 640m. MS datarz
below: [fragment, relative intensity (%)= 409[M — 2THF,
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5], 374[M — 2THF, 35], 269[CH=CHCH,C5H4Dy, isolation by normal means. However, their complexes
1], 106[CH=CHCHyCsHg, 99], 74[THF + 2, 3], were found to be 95% pure By NMR spectroscopy.
66[CpH, 5]. By study of the MS dissociation peaks and the IR
spectra in addition to the C and H content from the
2.5. Polymerization of MMA EA we proposed the empirical formula and structure

as shown inScheme 1(3a—d), in which the metal
Polymerization was carried out in a sealed ampoule is a nine-coordinate center solvated by two THF
tube with a rubber stopper. The required amounts of molecules. Only complexes of relatively smaller ionic
reagents were introduced into the ampoule by a sy- radii lanthanide metals were isolated. Attempts to iso-
ringe under a dry argon atmosphere. After introducing late the corresponding La and Nd complexes failed.
the catalyst (solvent and co-catalyst when required), This was not surprising as it is well-knowWa5] that
the monomer MMA is charged. Polymerization was large ionic radii lanthanide metals mostly failed to
carried out at a constant temperature in a water bath give isolable compounds for simple bis(Cp)Ln—-ClI
for a selected period of time. After the polymeriza- complexes, possibly due to steric unsaturation.
tion, the ampoule was opened and ethanol containing The MS spectra of all the complexes show similar
5% HCI was introduced to terminate the reaction and cleavage pattern. The highestfMorresponds to the
precipitate out the polymer. [bis(allyl-Cp)Ln—ClI] fragment; this indicates that the
2THF molecules are easily cleaved. But the elemen-
tal analysis indicated their presence. The IR spectra

3. Results and discussions shows the presence of ordinary uncoordinatetCC
bonds of the allyl substituents (1637 cth), and ab-
3.1. Yynthesis and characterization sorption bands at 1045 and 890chverify the pres-

ence of coordinated THF molecyt&g]. In addition to

Synthesis of sandwich and half-sandwich Cp com- these facts the concept of hard and soft acids and bases
plexes of the transition and rare earth metals bearing (HSAB) [17] classifies the rare-earth metals as hard
functionalities in the side-chain of the Cp fragment Lewis acids, therefore, it is chemically more likely
have attracted tremendous attention during the lastto have the structure of the complexes as containing
decadd13]. This is due to the fact that the side chain inter-molecular coordination of the rare-earth metal to
can be used to modify the chemical and physical prop- THF molecules rather than intra-molecular coordina-
erties of the classical Cp complex. The complexes tion of the G=C bonds of the allyl substituents. Based
were easily obtained using commonly employed on these results we conclude that the functional groups
metathetical procedures as outlinedSoheme 1 of the side-chains remain free and uncoordinated. The

The methodology is basically the same for all characterized complexes when used as polymerization
the four complexes. The prepared complexes are catalysts especially for polar monomers like MMA, it
all free-flowing clear oils exhibiting the pale colors is expected18] that the small electron-donating allyl
that are characteristic to lanthanide metal complexes. substituents will improve catalytic activity by virtue
All the new complexes are soluble in hydrocarbon of electronic effects while imposing little steric hin-
solvents such as toluene anehexane, though they drance.
are still sensitive to air and moisture. Purification
was achieved by washing the crude product several 3.2, Polymerization of MMA
times with ether then witm-hexane until no sticky
substance precipitates out, followed by rotary cen-  Single component polymerization of MMA was
trifugation after each washing. The clear analytically conducted using the title complexes. All the com-
pure (by EA) oils were obtained in moderate (50% plexes showed some activity to the monomer. An
ca.) yields. The resulting oils were characterized by initial study was made to establish the conditions
MS, EA and IR. Spence and Pief8] prepared the  for optimum catalyst efficiency in terms of conver-
corresponding Zr complexes and reported obtaining sion of monomer to PMMA and polymer molecular
oils and gummy solids which defied purification and weight. To establish the role played by the lanthanide
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Table 1
Polymerization of MMA catalyzed by allyl-Cp lanthanide com-
plexes

Run Ln Conversion (%) M, (x1073)
13 Y 42.7 141.0
33 Sm 15.1 93.2
34 Dy 25.3 48.8
35 Er 1.4 164.6

Polymerization condition: MMA/catalys&= 400 (molar ratio),
40°C, 24h, bulk.

metal Ln in (CH=CHCH,CsH,),Ln—CI-2THF, Ln
= Sm; Y; Dy; Er), polymerization was carried out
with the four different complexes each having one of

observations, we conducted a more detailed study
on the yttrium complex. The effect of such factors
as temperature, time of polymerization and variation
in catalyst concentration was studied. The depen-
dence of the polymer molecular weight and monomer
conversion on initiator concentration is presented in
Fig. 1

The molecular weight increases with a decrease of
initiator concentration and recorded a maximum of
M, = 1.66x 10° at a conversion of 26.8%. The inverse
dependence of molecular weight on initiator concen-
tration for living polymerization of MMA has been
well established for example see Yasuda ef20].
At a MMA/catalyst= 200 (mol/mol) ratio the rate of

the lanthanide metals as central atom. The results arepolymerization was instantaneous, achieving a 100%

presented as shown fables 1 and 2
At a mild condition of 40C, MMA/catalyst mo-

lar ratio = 400 and bulk polymerization for 24 h,
it was observed that the yttrium complex produced
the best overall result. A conversion of 42.7% and
M, = 141,000 was obtained with the yttrium com-
plex while the erbium complex produced a con-
version of only 1.4%, but recording the highest

conversion within seconds. As the ratio increases to
400 (mol/mol), conversion decreased by half as well.
This behavior may be attributed to transfer reactions
within the system. As it has been pointed {20] that

the conventional drying of MMA over CaHis not
sufficient, if the goal is to realize an ideal living poly-
merization. Normally the monomer and solvents still
contain 30 ppm ca. water. This and/or oxygen within

M, = 164,600. Other metals gave results somewhat the system is enough to drastically affect the conver-
in between. These results indicate that the role of sionasamount of monomerincreases, especially as the

the f-orbital to the polymerization is minimal as Y
(3523P°3D10424PP4D15S?) has no f-orbital config-
uration. Similar observation on the role of the f-orbital
was made by Yasuda et §.9]. Based on these initial

catalyst is highly oxophilic and hydrophilic. Because
at a MMA/catalyst molar ratio of 200 the reaction is
too rapid to be further studied, and at a molar ratio of
800 the conversion is time dependent. We conclude

Table 2
Polymerization characterization of MMA catalyzed by allyl-yttrocene
Run MMA/catalyst Temperature°C) Time (h) Conversion (%) M, (x1073)
(molar ratio)
6 200 40 24 100 72.7
7 400 40 24 42.7 141.0
8 800 40 24 26.8 1661.2
10 1200 40 24 13.7 1316.5
11 400 0 24 13.9 48.7
12 400 20 24 19.8 828.9
7 400 40 24 42.7 141.0
14 400 60 24 58.4 31.3
42 400 80 24 65.7 28.3
15 400 40 4 14.9 15.5
16 400 40 8 28.8 52.2
18 400 40 16 315 58.6
7 400 40 24 42.7 141.0
17 400 40 30 54.4 191.7
19 400 40 40 67.5 261.3
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Fig. 1. Effect of initiator concentration on PMMA catalyzed by allyl-yttrocene.

that MMA/catalyst (mol/mol) ratie= 400 is the opti- 0 to 80°C. MMA conversion increases with a rise
mum initiator concentration for further studies. in temperature, while the molecular weight initially
The effect of variation in polymerization temper- increased, peaked at 20 (room temperature) and
ature on MMA conversion andl, is presented in  then declined as temperature increases. We attributed
Fig. 2 Polymerization temperature was varied from the sudden decrease M, as temperature rises to
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Fig. 2. Effect of temperature on PMMA catalyzed by allyl-yttrocene.
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the structure of the catalyst. Under normal condi- Table 3 _

tions, as evidenced by analysis of the catalyst, the Effect of co-catalyst on polymerization of MMA catalyzed by
allyl functional group attached to the Cp is free and 2Wytrocene

uncoordinated to the central metal atom. But it is Run Co-catalyst Alcatalyst ~ Conversion M, (x107%)

inherently unstable and this instability is promoted (molar ratio) (%)

by heat. Therefore, as the temperature rises, the side MAO 10 1.1

reactions of dimerization of the active species and 21  AlE 10 95.3 110.8
coordination of GC of the allyl group to the central 2;1 2:(!'2“)3 ig 22'2 g'i
metal are in active competition with the prqpagation 26 AIE::BEQ 20 756 97
of the polymer, resulting in drastic decrease in catalyst 7  none 427 141.0
efficiency.

Polymerization condition: MMA/catalyst= 400 (molar ratio),

The increase in conversion with a rise in tem- 40°C, 24, bulk.

perature may in part be due to temperature aided

polymerization of pure uninhibited MMA to low

molecular weight polymers and oligomers. Here,  To gain further insight into the process of polymer-

polymer obtained is of very lowl, (28,300 at 80C, ization initiation by the title complexes a study of the

against 828,900 at 2@). The fact that catalyst ac- influence of co-catalysts was investigated. The result

tivity generally decreased with rise in temperature is is presented iTable 3

consistent with observations for lanthanide mediated  Out of the three co-catalysts used only aluminum

MMA polymerizations[20,21] triethyl (AlEt3) showed any positive influence on
Fig. 3 presents the result of the influence of time polymerization. Conversion improved from 43 to 95%

of polymerization orM,, and percentage MMA con-  compared to the system not employing any co-catalyst,

version. Both indicators increase directly with time. but the polymer molecular weight is still compar-

Therefore, it can be concluded that at the optimum atively lower. Obviously no polymer was obtained

conditions, the polymerization of MMA using the tittle  with MAO, due to mainly the high oxophilicity of the

complexes is time dependent. catalyst. With aluminum tri-isobutyl (Al{Bu)3), only
——t¥7—1——7——7+— 300
- 250
60 -
@
o
o 4200 ~
o <
& £
L 404
7 +150 2
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O 4100 S
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Fig. 3. Effect of reaction time on PMMA catalyzed by allyl-yttrocene.
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Fig. 4. GPC curve for polymerization of MMA at: MMA/catalyst 1200; 10°C; 24 h; My = 156,136;M,, = 491,616;M,,/M,, = 3.15.

a slight improvement in catalyst efficiency was ob- ducted at a higher temperatufed. 5). This behavior
served, this is due to steric limitations while alkylating is not usual for homogeneous, single-site catalysts,
the catalyst as the bulk size of the isobutyl ligand will and could be due to the side reactions that are in-
nullify any electronic benefits from the co-catalyst. duced by heat and the presence of traces of impurity
Molecular weight distributionNl,,/M;,) of PMMA in the form of bimolecular chain transfer agents that
obtained under different polymerization conditions induce premature chain termination. At a lower tem-
was studied by GPC and the result are presented inperature (10C) these side reactions are suppressed
Figs. 4 and 5Fig. 4is a unimodal curve, a contrastto and the general coordination of the catalyst is main-
the bimodalFig. 5. The difference in the nature of the tained, hence a homogeneous unimodal GPC curve
two curves explains the general influence the reaction was obtained.
conditions have on the polymerization of MMA using The molecular weight distribution is highly influ-
the present system. enced by polymerization conditions. Polymerization at
The GPC curves shows that a heterogeneous set ofa lower temperature (below 2C results in low molec-
products are obtained when polymerization was con- ular weight polymer of wide distributionM,/ M,>3).

2.00-

59343
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1.007]

s 0.50-]

1499831

0.00-

-0.50-]

Minutes

Fig. 5. GPC curve for polymerization of MMA at: MMA/catalyst 400; 40°C; 24h; first peakM, = 537,102, My, = 766,427,
My /M, = 1.39; second peal, = 15,280, My, = 35,920, M,/ M, = 2.35.
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At higher temperatures, the molecular weight distribu-
tion is generally narrower<1.5) for the high molec-
ular weight fraction of the heterogeneous set of prod-
ucts, and still around 2.3 for the low molecular weight
fraction. By extrapolation, therefore, we conclude that
by choice of conditions, PMMA of varying molecular
weight, distribution of molecular weight and, hence,
varying chemical and physical properties may be pro-
duced.

In line with established procedure the tacticity of
PMMA prepared under different conditions was es-
timated from the 500 MHZH NMR spectra of the
polymers in CDC} (Me peak; 1.17 mm; mr, 0.98; rr,
0.78 ppm)[22]. The results are presentedrigs. 6-8

As established by 8vey and Ters[23] and Bovey
[24], the distinctive pattern for tacticity occurs in the
—CHy—region (1.5-2.5 ppm) of the spectra from which
it is apparent that the PMMA produced is predom-
inantly syndiotactic although some isotactic patterns
are detectable. It is important to note that the syn-
diospecificity of the catalyst is negligibly affected by
polymerization conditions. Even at 40 for 24h a
syndiotacticity 70% ca. was maintained. This is simi-
lar to results reported for single component lanthanide
mediated MMA polymerizationf20,25]

|t-0000

0.6047
073314

10.6928

3

2

- 0.2725

Fig. 6. TH NMR spectrum of PMMA catalyzed by allyl-
yttrocene, rr= 72%, mr = 28%. Polymerization condition:
MMA/catalyst = 200 (mol/mol), 40C, 24 h; 100% conversion;
M, =72,700.

10000
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3 2

Fig. 7. 'H NMR spectrum of PMMA catalyzed by
allyl-yttrocene, rr= 67%, mr= 33%. Polymerization condition:
MMA/catalyst = 400 (mol/mol), 20C, 24 h; 19.8% conversion;
M, = 828,000.

_
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Fig. 8.1H NMR spectrum of PMMA catalyzed by allyl-yttrocene,
rmr = 67%, mr= 28%, mm = 5%. Polymerization condition:
MMA/catalyst = 400 (mol/mol), 40C, 40h; 67.5% conversion;
M, = 261,300.
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4. Conclusions

Allyl functionalized-Cp lanthanide complexes of
the late lanthanide metals have been synthesized as
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free-flowing oily products, which were successfully
characterized and found to be of high purity.

Used as single component catalysts for the poly-
merization of a polar monomer (MMA), the title
complexes were found to exhibit high activity and
syndiospecificity yielding very high molecular weight

Y. Qian et al./Journal of Molecular Catalysis A: Chemical 188 (2002) 1-10

[6] W.A. Herrmann, R. Anwander, F. Munck, W. Scherer, Chem.
Ber. 126 (1993) 331.

[7] J. Okuda, K.E. Du Plooy, P.J. Foscano, J. Organomet. Chem.
495 (1995) 195.

[8] R.E.v.H. Spence, W.E. Piers, Organometallics 14 (1995)
4617.

[9] J. Okuda, K.H. Zimmermann, Chem. Ber. 122 (1989) 1645.

po]ymersl Po]ymerizaﬁon temperature was observed [10] H. Lehmkuhl, J. Néser, G. Mehler, T. Keil, F. Danowski, R.

to be the one main factor that greatly affects cata-
lyst efficiency. By careful choice of optimum reac-
tion conditions (20—-40C, MMA/catalyst (mol/mol)

= 400-800) a predominantly syndiotactic &r70%),
moderately disperséy/Mn < 2.0) polymer of high
molecular weight #,, > 500,000) results.
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