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New alkyl and allyl complexes 1–3 {1: [Cp92Sm(C3H5)]n, structure of this coordinatively unsaturated complex: this fact
was established by the formation of the carbene adductCp9 = Me3CC5H4; 2: [Me4C2(C5H4)2]Sm(C3H5)2Li(dme),

dme = (CH3OCH2CH2OCH3); 3: Cp92SmMe2Li(dioxane)} Cp92Sm(C3H5)[C(NiPr)2(CMe)2] (19). Crystals of 19 were
isolated but this new compound undergoes a partialwere synthesized from (Cp92SmCl)2 and from the magnesium

derivative [Me4C2(C5H4)2]SmCl · MgCl2(THF)4 (4). The ansa rearrangement into a tris-Cp9 species in solution. Similar
behaviour is observed for the analogous complexanionic complex 2 exhibited good activity for the

stereospecific 1,4-trans polymerization of isoprene, whereas Cp92SmCl[C(NiPr)2(CMe)2] (199). The X-ray crystal structure
revealed the formation of the adduct, as a toluene solvate,the neutral derivative 1 was inactive. In the same way, the

anionic complex [Cp92SmMe2]Li(dioxane) (3) was found to be which exists in benzene solution in equilibrium with Cp93Sm
and Cp9SmCl2[C(NiPr)2(CMe)2]2. The catalytic behaviour ofan ethylene polymerization catalyst of very short lifetime.

The lack of reactivity of 1 is related to the associated 2 is compared with that of other early lanthanide derivatives.

Introduction Results and Discussion

Synthesis of tert-Butylcyclopentadienyl Complexes
Isoprene polymerization, in relation to the chemistry of

elastomers and adhesives, is of current interest [1]. Hydr- The methyl derivative (Cp92SmMe)2
[5] had been synthe-

ido- or alkylmetallocenes of lanthanides are efficient cata- sized from (Cp92SmCl)2
[9] by addition of MeLi. The neutral

lysts for ethylene polymerization in the absence of the allylic derivative [Cp92Sm(C3H5)]n (1) was obtained in a
methyl aluminoxane reagent MAO[2] [3]. However, the com- similar way using the dioxane adduct of allyl lithium[10]

pounds Cp2*LnH or Cp*2LnR, Cp* 5 C5Me5 or related (Scheme 1).
bridged systems, are almost completely unreactive for the
polymerization of α-olefins or dienes [4]. We were interested

Scheme 1in the determination of the limits of stability of less hin-
dered metallocene hydrides [5] of the early lanthanides and
established that the hydride [Cp92SmH]2, Cp9 5
Me3CC5H4, can be observed in solution, whereas the anal-
ogous neodymium hydride is only a transient species [6] [7].
In this Cp9 series, or preferably in an analogous ansa
cyclopentadienyl series [to avoid the easy redistribution
leading to tris(cyclopentadienyl) derivatives], it was there-
fore necessary to synthesize alkyl or allyl derivatives that
would be stable compounds capable of catalyzing the diene Compound 1 was isolated in an analytically pure state as

a red oil. Due to the fact that no ether ligand remained(and especially isoprene) polymerization without addition
of a co-catalyst. The microstructure of a polymer is, to a coordinated, it was inferred that this compound was di-

meric or polymeric. Attempts to obtain a monomeric sol-large extent, controlled by the mode of coordination of the
monomer to the catalyst: in a Cp92SmR moiety, even when vated form by crystallization in the presence of oxygenated

solvents were unsuccessful. However, crystals could be ob-R is a non-bulky alkyl or allyl ligand, only one vacant site
will be readily accessible and, consequently, a stereospec- tained in the presence of another Lewis base, i.e. the stable

carbene 1,3-diisopropylimidazoline-2-ylidene C(NiPr)2-ific 1,4-trans polymerization is expected[8].
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(CMe)2

[11], which has recently been used as a ligand in lan- 1:3 ratio. The percentage of the carbene adduct 10 was a
function of the concentration and it was found to be higherthanide compounds[12]. The nitrogen analysis of these thin

red plates was consistent with the formula of a mono ad- (nearly 80%) in dilute solution. This equilibrium (Scheme
2) is slow in the NMR timescale and Spin Saturation Trans-duct Cp92Sm(C3H5)[C(NiPr)2(CMe)2] (19). The crystals

were not suitable for X-ray structural analysis because the fer (SST) experiments could not be performed.
melting point was just above ambient temperature and,

Scheme 2
consequently, crystals melted in the sealed capillary. Sur-
prisingly, the 1H-NMR spectrum (C6D6 solution) of these
monocrystals showed the known signals of Cp93Sm (ca.
10%) in addition to the set of signals due to the adduct
(90%). A partial redistribution of the ligands could be in-
volved, although no signals corresponding to the concomi-
tant formation of a mono Cp9 derivative were detected. Synthesis of Ansacyclopentadienyl Complexes

Although we could not establish unambiguously the be-
haviour of Cp92Sm(C3H5)[C(NiPr)2(CMe)2] (19) in solution, An ansa compound was synthesized from SmCl3(THF)3

and the Grignard reagent [Me4C2(C5H4MgCl)2](THF)4
[13].this was possible in the case of another carbene adduct.

Addition of one equivalent of the carbene C(NiPr)2(CMe)2 The X-ray crystal structure of two related samarium com-
plexes [{Me4C2(C5H4)2}SmCl(THF)MgCl2(THF)3] andto a toluene solution of (Cp92SmCl)2 allowed the isolation

of yellow crystals [see ORTEP view (Figure 1) and Exper- [{Me4C2(C5H4)2}SmCl(THF)]2 have been described else-
where[14] [15]. The reasons for the formation of one or otherimental Section] of an analytically pure toluene solvate of

the adduct Cp92SmCl[C(NiPr)2(CMe)2] (10). of these complexes were not clear given that the starting

Figure 1. ORTEP view of the solid-state structure of (Cp92SmCl[C(NiPr)2(CMe)2] (10); for reasons of clarity, ellipsoids are set to the 30%
probabity level and the toluene solvate molecule is not represented[a]

[a] Selected bond lengths [Å] and angles [°]: Sm2C(1) 2.62(2), Sm2Cl 2.648(4), Sm2Ct(1) 2.45(1), Sm2Ct(2) 2.44(1); Ct(1)2Sm2Ct(2)
128.6(14), Ct(1)2Sm2C(1) 106.3(9), Ct(1)2Sm2Cl 107.9(7), Ct(2)2Sm2C(1) 101.8(9), Ct(2)2Sm2Cl 105.6(6), C(1)2Sm2Cl 104.2(3).

After dissolution of these crystals in C6D6, the NMR materials and the experimental procedures were quite simi-
lar. NMR data were not mentioned and, consequently, itspectrum showed the presence of three compounds: 10, a

second adduct identified as Cp9SmCl2[C(NiPr)2(CMe)2]2 on was not established wether the two complexes could be dis-
tinguished in solution. The formation of a related mono-the basis of the NMR data, and the unavoidable Cp93Sm.

The integral values for the Cp signals of Cp9Sm- meric complex, [Me4C2(C5H4)2]SmCl(THF), had also been
reported, and this involved the oxidative addition of tert-Cl2[C(NiPr)2(CMe)2]2 and Cp93Sm were, as expected, in a
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Table 1. 1H-NMR data of complexes 124 [C6D6, δ vs. TMS, 298 K]

Complex C5H4 CMe3 or allyl or carbene
(CMe2)2 alkyl C(NiPr)2(CMe)2

[Cp92Sm(C3H5)]n 13.21 (4 H) 22.81 (18 H) 16.79 (1 H) 2
1 9.21 (4 H) 9.56 (2 H)

6.43 (2 H)
Cp92Sm(C3H5),C(NiPr)2(CMe)2 12.72 (4 H) 22.51 (18 H) 15.97 (1 H) 3.91 (m, 2 H);
19 9.21 (4 H) 8.10 (4 H) 1.72 (6 H);

1.47 (d, 12 H)
Cp92SmCl,C(NiPr)2(CMe)2 11.38; 10.45 1.18 (18 H) 2 3.95 (m, 2 H);
199 8.15; 7.94 0.91 (6 H);

(2 H each) 0.57 (12 H)
Cp9SmCl2,[C(NiPr)2(CMe)2]2 10.72 (2 H) 20.5 (br 9 H) 2 1.51 (d, 24 H);
1999 11.57 (2 H) 0.01 (s, 12 H);

H signal not located
[Me4C2(C5H4)2]Sm(C3H5)2 7.94 (4 H) 1.70 (12 H) 9.53 (m, 2 H) 3.35 (dme, 4 H)
Li(dme), 2[a] 5.77 (4 H) 8.61 (br., 4 H) 3.19 (dme, 6 H)

7.07 (br., 4 H)
Cp92SmMe2Li(dioxane) 9.77 (4 H) 20.05 (18 H) 25.12 (s, 6 H) 4.15 (dioxane, 8 H)
3 9.07 (4 H)
[Me4C2(C5H4)2]SmCl(THF) 15.31 (4 H) 1.25 (12 H) 2 3.73 (THF, 16 H)
MgCl2(THF)3, 4 8.05 (4 H) 1.34 (THF, 16 H)

[a] In C4D8O.

butyl chloride to the SmII compound [Me4C2(C5H4)2]Sm. THF 1 2 dioxane). At 70°C the NMR spectrum showed
a two-allyl signal pattern {2 H and 8 H perIn this case NMR data were obtained[16].

Initially we tried to investigate the reaction on an NMR- [Me4C2(C5H4)2]Sm moiety}, revealing a dynamic exchange
process. The poor solubility, along with these integral val-scale preparation. By mixing stoichiometric amounts of

SmCl3(THF)3 and [Me4C2(C5H4MgCl)2](THF)4 in C6D6, a ues, indicated that the new complex was an anionic bis(al-
lylic) complex. At ambient temperature the allylic signalsyellow solution and a white precipitate of salts were ob-

tained. The solution was transferred into another tube and coalesced and only the signals due to the ansa ligand could
be detected. This could be interpreted as evidence for thethe solvent removed under reduced pressure to remove the

excess THF originating from the Grignard reagent. After partial dissociation of allyl ligands.
The synthesis was then performed on a bulk scale, inredissolution in C6D6, the NMR spectrum showed the pres-

ence of four remaining THF molecules per [Me4- toluene, with two equivalents of C3H5Li · dioxane. The
crude compound contained THF and dioxane, which wereC2(C5H4)2]Sm moiety and no further loss of THF was ob-

served when the same process was repeated. This was inter- exchanged by dissolution in DME. The red expanded oil
obtained after removal of the solvents was washed withpreted in terms of the formation of the mixed samarium-

magnesium compound, [{Me4C2(C5H4)2}SmCl(THF)- ether and finally gave a red powder of analytically pure 2,
[Me4C2(C5H4)2]Sm(C3H5)2Li(DME). This new compoundMgCl2(THF)3] (4).

The synthesis was then performed on a larger scale, in was not soluble in either toluene or benzene: its NMR
spectrum was recorded in [D8]THF and the allyl ligandsTHF, as described in the literature[15]. After the usual work-

up, the NMR spectrum of the crude orange-yellow solid exhibited a typical η3 three-signal (1 H, 2 H, and 2 H)
pattern.was very different from the one recorded in the previous

synthesis (directly in the NMR tube) and could not be in- The dianionic ansa cyclopentadienyl ligand
[Me4C2(C5H4)2]22 was chosen in order to avoid the dispro-terpreted in terms of the formation of a well-defined pure

compound. Further attempts were made using toluene as portionation of the bis(cyclopentadienyl) derivatives of the
lighter lanthanides[17] [18]. Moreover, the stereoelectronicthe solvent, but similar results were obtained. It was con-

cluded that if evidence for the quantitative formation of a properties of a [Me4C2(C5H4)2]Sm moiety should be similar
to those of a (Me3CC5H4)2Sm unit, except that the angleunique complex was provided by NMR experiments, then

the handling of the mixture, leading to undefined materials, between the metal center and the centroids of the rings
would be slightly smaller in the case of an ethylenewas not recommended.

The one-pot synthesis of an allylic derivative was there- bridge[19] (the ring-centroid2Yb2ring-centroid angle is
121° and 121.3° in [Me4C2(C5H4)2]YbCl2,Mg2Cl3 ·7fore undertaken, initially on an NMR scale, by adding a

stoichiometric amount of C3H5Li(dioxane) to the crude de- THF[17] and (Me3CC5H4)2YbCl ·THF[20], respectively). In
addition, in the ansa ligand the rotation of the Cputerated benzene solution obtained, as described previously,

by mixing SmCl3(THF)3 and the Grignard reagent rings[21] [22] is not possible and the effective size of the ligand
is therefore smaller. The saturation of the coordination[Me4C2(C5H4MgCl)2](THF)4. A reaction occurred immedi-

ately and a pink-red precipitate deposited, which was par- sphere of the metal atom therefore occurs in a different
manner: in the Cp9 series, Cp92YbCl ·THF[20] is neutraltially soluble in the presence of the oxygenated solvents (7
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whereas the homologous ansa complex [Me4C2- The neutral complex 1 was found to be inactive and its

carbene adduct 19 was found to be almost inactive. This(C5H4)2]YbCl2 ·Mg2Cl3 ·7 THF[17] is anionic.
In a similar manner, the reaction of an equimolar implies that the [Cp92Sm(C3H5)]n compound remains

strongly associated and isoprene does not possess a suffic-amount of C3H5Li with (Cp92SmCl)2 leads to a dimer (or
a polymer, although the high solubility of 1 in pentane sug- iently strong ligand ability [unlike, for example, the nucleo-

philic carbene C(NiPr)2(CMe)2] to dissociate the startinggests an oligomeric structure), showing that a neutral spe-
cies is preferred. In the case of the ansa compound, a material. Attempts to create a more accessible metallic

center by addition of 1 equivalent of yttrium chloride as amonomeric anionic complex 2 is formed.
In the presence of an excess of allyl ligand, no anionic Lewis acid led to a system of very low activity (yield of

polyisoprene 2%).compound was formed in the Cp9 series: a redistribution
leading to a mixture of Cp93Sm[9] and Sm(C3H5)4Li(diox- In contrast, the dissociation of an allylic ligand in the

anionic compound 2 is easy and allows the coordination ofane)[23] was observed (Scheme 3).
the diene. The precedent for this ligand dissociation wasScheme 3
postulated for other anionic allyllanthanide compounds[8]

tested in the polymerization of butadiene.
The tetraallylneodymium complex Nd(C3H5)4Li(diox-

ane)1.5 had been previously found to be a specific (86% of
Nevertheless, on using the small monohapto methyl li- trans-1,4-polybutadiene) catalyst for butadiene polymeri-

gand, a bis(alkyl)-anionic complex was obtained in the Cp9 zation[10]. We found that for the polymerization of isoprene,
series: treatment of (Cp92SmMe)2 or (Cp92SmCl)2 with one tetraallyllanthanide complexes are less specific (31% and
or two equivalents of MeLi, respectively, led to the same 28% of trans-1,4-polyisoprene for neodymium and sama-
compound Cp92SmMe2Li. After addition of one molar rium, respectively). This reaction was thus very dependent
equivalent of (Cp92SmCl)2 the neutral dimer could be reco- on the steric hindrance of the monomer.
vered. In the same way, C3H5Li(dioxane) leads to a high (ca.

53%) percentage of cis 1-4 polyisoprene; the participation
of this species could be invoked for the polymerization ob-Scheme 4
tained from the tetraallylic compounds and this has been
discussed previously[8]. However, for the anionic bisallylic
complexes (or systems) its role appears negligible becauseThe anionic bis(methyl) compound was isolated in an
those systems led to an almost pure 1,4-trans polymer.analytically pure form (pale yellow microcrystals) as a diox-

ane adduct: Cp92SmMe2Li ·dioxane.
Scheme 5

Catalysis

Allylic lanthanide derivatives are known to catalyse the
polymerization of dienes[24] and the new complexes 1 and
2 were tested in the polymerization of isoprene.

The anionic complex 2 was found to be efficient (the
turn-over number amounts to ca. 260 mol of isoprene per The performances of other allylic systems towards iso-

prene polymerization are presented in Table 2 (A, the neo-mol of lanthanide catalyst per hour) and very stereospecific
(95%) for 1,4-trans polymerization (see Table 2). Molecular dymium analogue of 2, and B, an alkoxide derivative, tris-

tert-butyloxy 2 “tritox” 2). The catalysts are prepared inweights are in the expected range for this type of polymeri-
zation test[1]. situ and may contain salts and an excess of oxygenated sol-

Table 2. Polymerization of isoprene (50°C, ratio isoprene/catalyst 5 1500)

Catalyst Yield M̄w trans-1,4 cis-1,4 3,4 Reaction T.O.[a]

(%) (%) (%) (%) time [h] [h21]

[Cp92Sm(C3H5)]n 0
1
[Me4C2(C5H4)2]Sm(C3H5)2Li(dme), 62 8000 95 1 4 12 260
2
(C3H5)Li(dioxane) 100 2 27 53 20 2.5 110
Sm(C3H5)4Li(dioxane) 55 24000 28 45 27 3 200
Nd(C3H5)4Li(dioxane)1.5

[b] 75 1500 31 39 30 4 150
system A 30 37000 97 0 3 6 50
system B 30 46000 91 0 9 21 50

[a] T.O. 5 mol of monomer transformed/mol of catalyst/h. 2 [b] Was found to be inactive in the presence of 4 THF per Nd atom.
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graph equipped with two detectors (a UV and a refractive indexvents as ligands, which could modify the process of dis-
detector) connected in series. The calibration was carried out withsociation of the allylic ligand. Indeed, we found this to be
PL-Lab polystyrene standards (EasiCal PS-1, range M̄w 5the case for the tetraallylneodymium complex Nd-
58028.5 3 106). Each measurement was performed at 25°C in tolu-(C3H5)4Li(dioxane)1.5, in which the activity decreases in the
ene as eluent, with a 1 ml/min flow rate. Two connected PL-Labpresence of 1 THF per molecule, and it becomes inactive
5µ mixed-C 300 3 7.5 mm columns were used. The calculations for

with 4 THF per molecule. The turn-over values (Table 2) Ip and M̄n were performed using GPC-Plus software. Structural
are lower than for 2, nevertheless, the catalytic activity is analysis of polyisoprene was conducted by 13C- and 1H-NMR spec-
well in evidence: in each case the same stereocontrol is ob- troscopy and compared to commercially available samples. The iso-
served, with predominant formation of 1,4-trans-polyisop- meric purity was first evaluated by 13C{1H} sequences and then

confirmed on the basis of 1H-NMR data. 2 SmCl3(THF)3 andrene.
NdCl3(THF)3

[26], (Cp92SmCl)2 and (Cp92SmMe)2
[5] C3H5Li(diox-The ansa and the tritox complexes possess more bulky

ane)[10], 1,3-diisopropylimidazoline-2-ylidene C(NiPr)2(CMe)2
[11],ligands than the tetraallyl complexes. The isolated com-

tritoxLi[27], (C3H5)4NdLi(dioxane)1.5
[10], and [Me4C2-plexes are tetracoordinated, and in solution it also seems

(C5H4MgCl)2](THF)4
[13] were prepared as described. (C3H5)4-that no more than four coordination sites are accessible.

SmLi(dioxane) was synthesized following the procedure describedAfter the decoordination of the allyl ligand, only one site
for its neodymium homologue and its NMR data were in accord-

will be vacant for the coordination of the monomer. As a ance with the original synthesis [23]. Ethereal solutions of MeLi were
consequence, a very high stereoselectivity (89 to 95% of 1,4- purchased from Aldrich. The diene (isoprene 99%) was dried over
trans polymer) is observed. molecular sieves and distilled twice to remove the stabiliser. El-

The anionic complex 3, Cp92SmMe2Li(dioxane), was emental analyses were performed with a Fisons EA 1108 CHONS
apparatus.found to be very active (T.O. 5 25000 mol of ethylene trans-

formed/mol of catalyst/h) towards the polymerization of [Cp92Sm(C3H5)]n (1): A solution of (Cp92SmCl)2 (0.39 g, 0.91
ethylene in the absence of MAO, but only within five mi- mmol) was added at 278°C to a slurry of C3H5Li(dioxane) (0.13
nutes[25]. The rapid loss of activity was attributed to the g, 0.91 mmol) in toluene (20 ml). The mixture was stirred at 278°C
ease of rearrangement leading to the inactive tris derivative. for 30 min, and then warmed to room temperature for another 30

min. The solution turned red and LiCl was deposited. After fil-The neutral dimer (Cp92SmMe)2 had already been found
tration, the solvent was removed under reduced pressure and theto be very poorly active towards hydrogenolysis. This lack
residue extracted with pentane (3 3 30 ml). After evaporation ofof reactivity was related to its dimeric structure[5].
the pentane, a deep red oil was obtained (0.27 g, yield 68%). 2

C21H31Sm (433.88): calcd. C 58.14, H 7.20; found C 58.27, H 7.33.
2 1H NMR (C6D6): δ 5 16.79 (s, 1 H), 13.21 (s, 4 H), 9.56 (s, 2Conclusion
H), 9.21 (s, 4 H), 6.43 (s, 2 H), 22.81 (s, 18 H).

New organometallic complexes of samarium have been A mixture of 10 mg (23 µmol) of 1 and 3 mg (22 µmol) of
synthesized, [Cp92Sm(C3H5)]n and its carbene adduct C3H5Li(dioxane) in C6D6 was stirred by sonification, and Cp93Sm
Cp92Sm(C3H5)[C(NiPr)2(CMe)2], [Me4C2(C5H4)2]Sm- and (C3H5)4SmLi slowly precipitated from the mixtute and these
(C3H5)2Li(dme), and Cp92SmMe2Li(dioxane). The struc- compounds were detected by NMR.
tures of these complexes are strongly dependent on steric Cp92Sm(C3H5), C(NiPr)2(CMe)2 (19): A mixture of 1 (0.247 g,
factors: neutral monoallylic and anionic bis(allylic) com- 0.57 mmol) and 1 equiv. (0.103 g) of C(NiPr)2(CMe)2 in 20 ml of
plexes were characterized. Related complexes were prepared toluene was stirred at room temperature for 12 h. The solvent was
in situ. An X-ray structure analysis could be obtained for evaporated and the residue extracted with pentane (3 3 20 ml).

After filtration and concentration, a dark red solid was obtainedCp92SmCl[C(NiPr)2(CMe)2], which undergoes rearrange-
(0.273 g, yield 78%). The NMR analysis revealed the presence ofment in solution. The catalytic behaviour of all these new
the adduct 19: 1H NMR (C6D6): δ 5 15.97 (s, 1 H), 12.72 (s, 4 H),complexes towards polymerization was investigated.
9.21 (s, 4 H), 8.10 (s, 4 H), 3.91 (m, 2 H), 1.72 (s, 6 H), 1.47 (d, 12Anionic complexes are active: Cp92SmMe2Li(dioxane) is an
H), 22.51 (s, 18 H). This compound was accompanied by 10% ofethylene polymerization catalyst with a short lifetime and
Cp93Sm. To remove the yellow contaminant Cp93Sm, the solid wasthe ansa bis(allylic) complex is a stereospecific 1,4-trans-
washed with cold pentane. Red/black crystals were obtained by a

polymerization catalyst. further dissolution in pentane (15 ml), followed by filtration and
slow concentration to a volume of ca. 3 ml. These crystals seemedThe authors wish to thank G. De Demo, BTS Chimie Chalon/-

Saône (France), for S.E.C. analysis of the polymers. suitable for X-ray analysis and one was mounted in a capillary
tube. However, the crystal had melted after only a few minutes of
exposure. After dissolution in deuterated benzene, NMR showed
the invariable presence of 10% of Cp93Sm. 2 C32H51N2SmExperimental Section
(614.18): calcd. N 4.56; found N 4.58.All manipulations were carried out under purified nitrogen in a

Jacomex glove box or under argon using standard vacuum tech- Cp92SmCl, C(NiPr)2(CMe)2 (10): To a mixture of (Cp92SmCl)2

(0.36 g, 0.84 mmol) and C(NiPr)2(CMe)2 (0.255 g, 1.41 mmol) wasniques. Solvents were distilled from the appropriate drying agent,
stored over Na/benzophenone and vacuum-transferred to reaction added 30 ml of toluene. The mixture was stirred at room tempera-

ture overnight and then filtered. The yellow solution was concen-vessels. 1H- and 13C-NMR spectra were recorded with AC 200 and
DRX 500 Bruker spectrometers (297 K). 2 Polymer Analysis: Mo- trated slowly to ca. 5 ml. Yellow crystals were collected 12 h later.

The crystals were washed with pentane (10 ml) and dried underlecular weights and polydispersities were obtained by Steric Ex-
clusion Chromatography (S.E.C.) on a Spectra-Physics chromato- vacuum. Total yield: 0.235 g, 40%. A crystal was found that was
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suitable for X-ray structure analysis (see below for further details), (s, 18 H), 24.08 (s, 6 H). 2 The solid was dissolved in 30 ml of

toluene, a slight excess of dioxane (50 µl) was added and the solu-which revealed the presence of one toluene molecule per samarium
atom. 2 Toluene adduct C36H54ClN2Sm (700.70): calcd. C 61.71, tion was stirred for 1 h at ambient temperature. Slow evaporation

of the solvent under reduced pressure gave pale yellow crystals. 2H 7.71, N 4.00; found C 61.24, H 7.93, N 4.37.
1H NMR (C6D6): δ 5 9.77 (s, 4 H), 9.07 (s, 4 H), 4.15 (s, 8 H),1H-NMR analysis of the dissolved crystals revealed the presence
20.05 (s, 18 H), 25.12 (s, 6 H). 2 C24H40SmLiO2 (517.92): calcd.of three compounds in solution (C6D6): 10: δ 5 11.38 (s, 2 H),
C 55.66, H 7.79; found C 55.29, H 7.85.10.45 (s, 2 H), 8.15 (s, 2 H), 7.94 (s, 2 H), 3.95 (m, 2 H), 1.18 (s,

18 H), 0.91 (s, 6 H), 0.57 (d, 12 H); Cp3Sm and Crystal Data for Cp92ClSm·C(NiPr)2(CMe)2:
C29H46ClN2Sm · C7H8, M 5 700.6, monoclinic, space group P21/c,Cp9SmCl2[C(NiPr)2(CMe)2]2; 1999: δ 5 10.72 (s, 2 H), 11.57 (s, 2

H), 1.51 (d, 24 H), 0.01 (s, 12 H), 20.5 (br., 9 H). a 5 13.351(2), b 5 17.005(3), c 5 16.443(2) Å, β 5 101.011(12)°,
V 5 3664(1) Å3, Z 5 4, Dc 5 1.27 gcm23, µ(Mo-Kα) 5 1.7 mm21.[Me4C2(C5H4)2]Sm(C3H5)2Li(dme) (2): (a) In an NMR tube
A yellow crystal was mounted on a capillary on an Enraf-Noniusa mixture of 9.17 mg (19.3 µmol) of SmCl3(THF)3 and 12 mg (19.3
CAD4 diffractometer at 20°C. Unfortunately, the crystal under-

µmol) of [Me4C2(C5H4MgCl)2](THF)4 was stirred by sonification
went rapid decomposition under X-ray exposure and only the firstin 0.4 ml of C6D6 and then the mixture was warmed at 60°C. First
shell of data with 17.90° < θ < 20.58° was used to solve and refinea pale yellow, and then an orange yellow colour developed, and
the structure (decay 5 82%). The solution was obtained by in-after 20 min the reaction was complete; the 1H-NMR spectrum
terpretation of the Patterson map[28] and refined on F2 using allrecorded was consistent with [Me4C2(C5H4)2]SmClMgCl2(THF)n.
the 1228 independent reflections collected[29]. Due to the lack of

2 NMR (C6D6) δ 5 15.51 (s, 4 H), 8.16 (s, 4 H), 1.51 (s, 18 H). 2
data, only the samarium and chlorine atoms were anisotropicallyAfter evaporation of the solvents, C6D6 (0.4 ml) was added. NMR
refined. Hydrogen atoms were included, when possible, at their cal-analysis revealed the presence of [Me4C2(C5H4)2]SmCl-
culated positions. The Cp rings were constrained to a regular pen-(THF)MgCl2(THF)3 (4) as the unique product. 2 NMR (C6D6):
tagon and the toluene ring to a regular hexagon. The methyl group

δ 5 15.31 (s, 4 H), 8.05 (s, 4 H), 3.73 (s, 16 H), 1.34 (s, 16 H), 1.25
of the toluene solvate was not located. The final agreement indices(s, 12 H). 2 2 equivalents (5.28 mg) of C5H3Li(C4H8O2) were ad-
are Rw(F2) 5 0.124 and R(F) 5 0.102 for all data (1228 independentded, the solution became pink/red and a reddish precipitate was
reflections) and 135 parameters; R(F) 5 0.047 for 822 data with Ideposited that was partially soluble in the presence of the oxygen-
> 2σ(I); goodness of fit 5 0.94 and ∆ρ 5 0.344 and 20.260 e A23.ated solvents (7 THF 1 2 dioxane molecules per Sm atom). 2 2:
Crystallographic data (excluding structure factors) for the structure1H NMR (C6D6; 298 K): δ 5 8.09 (s, 4 H), 5.97 (s, 4 H), 3.34
reported in this paper have been deposited with the Cambridge(dioxane 1 THF), 1.89 (s, 12 H), 1.25 (THF), the allylic signals
Crystallographic Data Centre as supplementary publicationcould not be detected; (343 K): δ 5 8.54 (s, 4 H), 7.99 (br., 2 H),
No. CCDC-101393. Copies of the data can be obtained free of6.62 (s, 4 H), 5.76 (br., 8 H), 3.36 (dioxane 1 THF), 1.81 (s, 12 H),
charge on application to CCDC, 12 Union Road, Cambridge1.32 (THF).
CB21EZ, UK [Fax: internat. 144-1223/336-033; E-mail:

(b) A toluene solution of [Me4C2(C5H4)2]SmCl- deposit@ccdc.cam.ac.uk].
(THF) ·MgCl2(THF)2 (4) was prepared following the published

In situ Preparation of Catalytic Systems. 2 System A: In anprocedure[14] from 0.5 g (1.06 mol) of SmCl3(THF)3 and 0.66 g
NMR tube was placed 12 mg of [Me4C2(C5H4MgCl)2](THF)4, 9(1.06 mol) of [Me4C2(C5H4MgCl)2](THF)4 in 20 ml of toluene (in-
mg of NdCl3(THF)3, and 5.3 mg of C3H5Li(dioxane). 0.5 ml ofstead of THF). Salts were removed by filtration and, at 230°C and
C6D6 was added and the mixture was stirred by sonification untilwith vigourous stirring, 0.29 g (2.12 mmol) of C3H5Li(C4H8O2)
the signals of the starting materials totally disappeared: a brightwas added to the bright orange solution. The mixture turned pink
green colour developed and white salts precipitated. The benzenewithin a few minutes and the temperature was allowed to rise to
(and the excess THF and dioxane) was evaporated and the residue20°C. Salts were removed by filtration and the solvent was evapo-
dissolved in toluene. The toluene solution was transferred into arated under reduced pressure to give a red paste. This paste was
flask and the solvents were evaporated. The green solid was useddissolved in dimethoxyethane (20 ml) and the solvent was evapo-
for polymerization.rated. The crude product was an expanded oil which was washed

with ether (3 3 15 ml) to finally give a brick-red powder (yield System B: To a C6D6 solution of 8 mg of tris-tert-butylmethanol
2 “tritoxH” 2 (dried over molecular sieves), was added 10.3 mg60%). 2 1H NMR (C4D8O): δ 5 9.53 (m, 2 H), 8.61 (br., 4 H),

7.94 (s, 4 H), 7.07 (br., 4 H), 5.77 (s, 4 H), 3.35 (dme, 4 H), 3.19 of (C3H5)4NdLi(dioxane)1.5. The tube was heated (60°C) and the
mixture stirred by sonification, which led to a green, sparingly sol-(dme, 6 H), 1.70 (s, 12 H). 2 Crystals could be obtained as thin

plates in a 75225% mixture of dimethoxyethane and diethyl ether. uble material; very large allylic signals with paramagnetic shifts in
the range δ 5 210 to 250 and a paramagnetic tert-butyl signal at2 C26H40LiO2Sm (541.95): calcd. C 57.62, H 7.44; found C 57.20,

H 7.29. δ 5 10 were observed in the 1H-NMR spectrum. The solvent was
partially evaporated, THF was added and the solvents partiallyCp92SmMe2Li(dioxane) (3): To a stirred solution of (Cp92SmCl)2 evaporated once again. The green solid was then soluble in benzene(0.39 g, 0.91 mmol) in toluene (30 ml) was slowly added, at 278°C,
and the solution was transferred into the polymerization flask. Thea 1  ethereal solution of MeLi (2.0 µl, 2.0 mmol). The mixture
solvents were evaporated before isoprene was added.was stirred for 2 h and then warmed to room temperature and

stirred for a further 30 min. The mixture turned pale yellow and Polymerization Experiments: (1) Diene polymerization: The cata-
lyst (10 mg) was introduced into a flask connected to a vacuumLiCl was deposited. The solution was filtered and the solvent eva-

porated. The residue was extracted with toluene (2 3 10 ml). The line. The diene (3 ml) was then condensed on to it and the stirred
solution was heated at 50°C during 5 h. Depending on the activityclear solution was concentrated and microcrystals were formed.

After evaporation of the toluene, the powder was washed with pen- of the catalyst, the mixture can become highly viscous; the flask
was opened to the air and the contents dissolved in the requiredtane (2 3 10 ml) and dried in vacuo; a pale yellow solid was ob-

tained (0.25 g, yield 64%) that was sparingly soluble in aromatic volume (5215 ml) of toluene. The toluene solution was poured into
200 ml of ethanol and the polymer precipitated. The liquors weresolvents. 2 1H NMR (C6D6): δ 5 9.16 (s, 4 H), 8.86 (s, 4 H), 20.01
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