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Organolanthanoids of several classes were ex-
amined as potential styrene and propene polym-
erization catalysts. They are: molecular
hydrides of divalent lanthanoids (samarium,
europium, ytterbium); naphthalene and stilbene
complexes of neodymium(III), samarium(II),
europium(II), ytterbium(II), lutetium(III);
amides and alkoxides (including heterobi-
functional derivatives) of praseodymium(III),
neodymium(III), samarium(II), europium(II),
thulium(III), ytterbium(II, III); thiolate of
samarium(III); phenyl and phenylethinyl
derivatives of europium(II), thulium(III), ytter-
bium(II); methylytterbium cluster Yb 8 (m-
CH3)14(m-CH2)(THF)6; heterobimetallic samar-
ium(II), ytterbium(II, III) complexes; diazabu-
tadiene ytterbium(III) derivatives; metallic
praseodymium and ytterbium, activated by
iodine. The highest activity in styrene polymer-
ization revealed hydrides, naphthalene and
stilbene complexes of samarium(II), euro-
pium(II) and ytterbium(II). In the propene
polymerization only [(h5-C5H4)CH2CH
(CH2OBu)(h1-O)]YbMe(THF) displayed notice-
able activity. Copyright # 2001 John Wiley &
Sons, Ltd.
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INTRODUCTION

Several classes of organolanthanoid derivatives are
known to be catalysts of olefin polymerization.1

Unlike most of d-element-based catalysts, the
organolanthanoid-derivative-mediated catalytic
processes do not require a co-catalyst presence.
The highest catalytic activity ina-olefin polymer-
ization showed cyclopentadienyl complexes of
Cp2LnR type, where R = H or alkyl.2 Active species
of similar type are evidently formed in two-
component systems Cp2LnCl/LiR3 and (C5H3But

2-
1,3)2Yb/AlH3.

4 Scandium complex containing
Sc—Si function, Cp2Sc[Si(SiMe3)3](THF), poly-
merizes ethene under mild conditions but is
inactive towards propene.5 Cationic complexes of
yttrium (C5H4SiMe3)2Y[BMe(C6F5)3] and (C5H5)2
Y[BMe(C6F5)3] were employed in isobutene poly-
merization.6 The catalytic activity of Ln(II) deri-
vatives was studied only with a few examples. The
non-solvated decamethylsamarocene complex
(C5Me5)2Sm was investigated by Evanset al. in
the propene, penten-1 and hexen-1 co-polymeriza-
tion with ethene.7 It was established that the
ytterbium complex (1,2-But2C5H3)2Yb poly-
merizes ethene and styrene.8 The non-cyclopenta-
dienyl series derivatives naphthalene and
anthracene complexes of ytterbium(II)
C10H8Yb(THF)3 and C14H10Yb (THF)3, under mild
conditions catalyze isoprene, piperylene and
methyl methacrylate polymerization.9 Many other
classes of organolanthanoids remain out of sight of
investigators as plausible catalysts for unsaturated
hydrocarbons polymerization.

In order to close this gap partially, we carried out
a qualitative determination of the catalytic activity
of some of the organolanthanoid series, as well as
lanthanoid metals and their iodides, ina-olefins
polymerization. Styrene and propene were chosen
as the test monomers because the former is easily
polymerized ionically, and the latter, though unable
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to polymerize under ionic conditions, can be
polymerized with organometallicor free-radical
initiators. We exploredas polymerizationprecur-
sorsthe molecularhydridesof divalentsamarium,
europium and ytterbium, amides, alkoxides and
thiolatesof lanthanoids,homo-andhetero-metallic
clusters,complexescontaining naphthalene,stil-
bene, phenyl, phenylethinyl, fluorenyl (Flu) and
indenyl (Ind) ligands, half-sandwich complexes
with heterobifunctional cyclopentadienyl-substi-
tutedalcohol,amineandsiloxane.Polymerization
testswereconductedat room temperaturewithout
solventfor styreneor in toluenemediumin thecase
of propene.Catalyst concentrationwas 3–5% of
monomerweight. The dataobtainedare summar-
ized in Table1.

EXPERIMENTAL

THF, toluene,styrene,benzeneand propenewere
purchasedat Ecros Company (St. Petersburg,
Russia).Toluenewas distilled from ketyl benzo-
phenonebefore polymerization reaction. Styrene
was dried over molecular sieves5A. Before the
polymerization tests, propene was passedover
columns filled with molecular sieves 3A and
bubbled throw a trap filled with tri-iso-butylalu-
minum. Molecular weightswere measuredby the
viscousimetricmethod in benzeneat room tem-
perature.All the compoundstestedin polymeriza-
tion were obtained according to published
strategies:1 and2;10 3;11 4 and5;9 6;12 7;13 8 and
10;14 9;15 11–33;1 19;15; 36;16 38;17 39;18 44;19

45.20 The compositionand structureof recently
obtainedcomplexes34, 35, 37, 40 and 41 were
confirmedby microanalysis,IR andNMR spectro-
scopyandX-ray analysis.Their syntheseswill be
describedelsewhere.

Styreneand propenepolymerizationtestswere
performed under vacuum using the standard
Schlenktechniqueexceptfor theexperimentswith
propene polymerization at 10atm, which were
carriedout in a stainlesssteelflask.

Styrene polymerization

An evacuated Schlenk tube equipped with a
magneticstir barwaschargedwith 2.7g of styrene
and 0.09g of compound1. The reactionmixture
was mixed at room temperaturefor a day. The
polymer formedwasdissolvedin THF and0.5ml
of methanolwasaddedto a solutionto decompose

the catalyst.The mixture was filtered through a
glassfilter andpolymerwasprecipitatedwith 30ml
of methanol.Theseconditionswereusedfor testing
of all theothercompoundsindicatedin Table1.

Propene polymerization

10ml of toluenesolutionof compound41 (0.018g)
was placedin a tube of 350ml volume equipped
with a magneticstir bar.350ml (1.2atm,25°C) of
gaseouspropenewas condensedto a mixture and
the tube was sealed.The mixture was stirred at
room temperaturefor a day and then the catalyst
was decomposedby adding methanol (0.5ml).
Then the mixture was filtered and 30ml of
methanol was added to precipitate the polymer
formed.Theseconditionswereusedfor a checkof
thecatalyticactivity of all thecompoundslisted in
Table 1 in propenepolymerizationunder atmos-
phericpressure.

Propene polymerization under
enhanced pressure

Into a stainlesssteel containerof 100ml volume
equippedwith manometerandunit for gasloading,
10ml of tolueneandasealedthin-walledglasstube
containing 0.11g of compound3 were placed.
Gaseouspropenewasaddedto thecontainerupto a
pressureof 10atm. The vesselwas disconnected
from thepropeneline andshakento breaktheglass
tube. The mixture obtained was held at room
temperaturefor aday.Thesubsequentprocedureto
checkfor polymerformationandits isolationwere
performed as indicated above. The experiments
with compounds1 and 2 were performedin the
sameway.

RESULTS AND DISCUSSION

As was supposed,owing to the high degreeof
ionicity of theorganolanthanoidderivativesandthe
highelectrodepotentialof thesemetals,mostof the
lanthanoid complexeslisted in Table 1 initiate
styrene polymerization. High catalytic activity
revealedthe hydrides 1–3. In their presencethe
reactionsproceededwithin 5–8h with a complete
conversionof styrene.Europiumcomplex2 gave
the polymer with the highest molecular weight
1� 106. The molecular weights of polystyrene
formedwith ytterbium3 andsamarium1 hydrides
were noticeably lower 3� 105 and 1.5� 105,
respectively.The decreasingmolecularweightsof
thepolymersin going from europiumto ytterbium
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Table 1 Styreneandpropenepolymerizationcatalyzedby organolanthanoidderivatives.

Conversion

Compoundno. Catalyst Styrene Propene

1 SmH2(THF)2 100 0a

2 EuH2(THF)2 100 0a

3 YbH2(THF)2 100 0a

4 C10H8Eu(THF)3 100b 0
5 C10H8Yb(THF)3 100b 0
6 27 —

7 [NdCl2(THF)2]nC10H8LiCl 0 0
8 (PhCHCHPh)Sm(THF)3 100b 0
9 (PhCHCHPh)Yb(THF)3 100b 0

10 22 0

11 [(Me3Si)2N]2Sm(DME)2 5 —
12 [(Me3Si)2N]2Eu(DME) 100 0
13 [(Me3Si)2N]2Yb(DME) 41 —
14 [(Me3Si)2N]3Pr 0 —
15 [(Me3Si)2N]Pr(SC4H9)2 0 —
16 [(Me3Si)2N]2Sm(SC4H9) 0 —
17 (C4H9S)3Sm 0 —
18 (ButO)2Eu 100 0
19 (2,4,6-But3C6H2O)2Yb(THF) 40 —
20 (ButO)3Nd 13 —
21 (ButO)NdI2(THF)4 0 —
22 (PhO)3Tm(DME)2 5 —
23 (PhC�C)EuI(DME) 18 —
24 (PhC�C)2Yb(DME) 70 —
25 Ph2Yb(THF)2 50 —
26 Yb8(m-CH3)14(m-CH2)(THF)6 — 0
27 Ph3Tm(THF)3 — 0
28 0 —

29 27 —

30 (Ph3Ge)2Yb(THF)4 — 0
31 (Ph3Sn)2Yb(THF)4 — 0
32 Cp2Yb{Hg[Ge(C6F5)3]3} — 0
33 Cp2Yb(THF) 14 —
34 Ind2Yb(THF)2 5 <5
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andsamariumhydridescoincideswith an increase
of thestandardpotentialof Ln(II)/Ln(III) transferin
the serieseuropium (0.34V), ytterbium (1.18V)
and samarium(1.50V) and probably indicatesan
increasingcatalytic activity of the compoundsin
thesamesequence.

The complexes4, 5, 8 and 9, containingLn2�

cations and naphthalene(C10H8)
2ÿ or stilbene

(PhCHCHPh)2ÿ dianions displayed the highest
activity in styrenepolymerization.In thesecases
the polymerization proceededexothermally and
finishedin a few minutesto give a polymer with
Mw = 3–5�105. It is of interest that compound6
containingtheEu2� cationandtheformally neutral

naphthaleneligand,12 is essentially less active.
Polymerizationwith thiscomplexbeingcarriedout
for 20h yielded less than 30% of low molecular
weight (Mw = 3� 104) polystyrene.The naphtha-
lene and stilbene ate-complexes7 and 10 were
almostinactiveunderthegiven conditions.

Among the amides(11–15) andthiolate–amides
(15–17) only the derivativesof divalent metals,
compounds 11–13, exhibited some activity in
styrenepolymerization.In contrastto hydrides1–
3, the activity of the amides decreasedfrom
europiumto ytterbium and samariumderivatives.
This maybeexplainedby differentmechanismsof
initiation for hydride and amide complexes.The

Table 1 Continued.

Compoundno. Catalyst Conversion

Styrene Propene

35 Flu2Yb(THF)2 — <5
36 Cp2Yb(DAD) 0 0
37 — 0

38 — 0

39 — Traces

40 — Traces

41 9 10

42 Pr(MeT)� I2 60 0
43 Yb(MeT)� I2 37 —
44 SmI2(THF)2 76 —
45 TmI2(DME)3 20 0

a 10 atm pressureof propene.
b Reactionproceededfor 5 min.
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samepatterntakesplacein the groupof alkoxides
18–22. Europium(II) tert-butoxide 18 yielded
100% conversion, whereas the neodymium(III)
analogue 20 gave only 13% of polymer, but
thulium(III) phenoxide22 was factually inactive
under the same conditions. Feeble catalytic
properties were displayed by diphenylethinyl,
cyclopentadienyland indenyl complexes23–25,
28, 29, 33, 34, 36. It is interestingto note that
complex 41, containing both the Z5:Z1-heterobi-
functionalligandC5H4CH2CH(CH2OBu)Oandthe
ancillaryactiveYb—Me functionyieldedonly 9%
conversionin styrenepolymerization,althoughit
transpired that this compound was the only
complex among those listed in Table 1 that
exhibitedappreciableactivity towardpropene.

Halogen-activated metals including rare earth
elements21 are known to display high reactivity
towardorganicandorganometallicsubstrates.We
havefoundwith theexampleof praseodymiumand
ytterbiumthat lanthanoidmetalsareableto initiate
olefin polymerization. The degree of styrene
conversionin trials 42 and 43 did not exceeded
40–60%,but evidently it might be enhancedby
selection of the reaction conditions. A similar
activity hasbeenshownfor iodidesof samarium(II)
44 and thulium(II) 45. Surprisingly, the thulium
derivative, though possessinga higher reduction
potential(2.20V) thansamarium(1.50V), wasless
active.

It wasfoundthatall of complexesexploredwere
inert toward propeneunder the given conditions.
Sucha low activity maybeexplainedby thelackof
Ln—R or Ln—H functions,whichin mostcasesare
responsiblefor initiation of polymerization.Com-
pound41, the only onecontaininga methyl group
bondedto ytterbium,yielded10%of polypropene.
Theinactivity of molecularhydrides1–3, unlikethe
known catalystsof Cp2LnH type, is concerned
apparentlywith their low solubility in toluene.We
anticipatethesamefactorbeingresponsiblefor the
absenceof catalytic activity in the case of the
methyl–ytterbiumcluster26 andcationiccomplex
32.

CONCLUSION

It is found that the molecular hydrides
LnH2(THF)2, the naphthalene C10H8Ln(THF)3
andstilbene(PhCHCHPh)Ln(THF)3 complexesof
divalent samarium,europium and ytterbium, as
well asamide[(Me3Si)2N]2Eu(DME) andalkoxide

(ButO)2Eu, are efficient catalystsin styrenepoly-
merization. Only one of the various types of
compoundstudied initiates propenepolymeriza-
tion: that compoundis ytterbium derivative [(Z5-
C5H4)CH2CH(CH2OBu)(Z1-O)]YbMe(THF), con-
taining a heterobifunctional ligand and ancillary
Yb—Me group,which revealednoticeableactivity
at roomtemperatureand1.2atm of propene.
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