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Summary: Alkylated rare-earth-metal centers are defi-
nitely formed in “Mischkatalysatoren”: the homoleptic,
tailor-made rare-earth carboxylate complexes {Ln(O2-
CC6H2iPr3-2,4,6)3}n (Ln ) Y, La, Nd, Lu) react with
trimethylaluminum to yield hexane-soluble monolan-
thanide complexes of the larger elements featuring a η2-
coordinating tetraalkylaluminate ligand and a novel
ancillary AlMe2-bridged bis(carboxylate) ligand. In the
presence of AlMe2Cl, such alkylated derivatives trans-
form isoprene to a high-cis polymer (>99%).

Ziegler-Natta multicomponent systems represent one
of the few classes of homogeneous rare-earth catalysts
which are applied commercially. Stereospecific poly-
merization of 1,3-dienes, e.g., butadiene, isoprene, and
2,3-dimethylbutadiene, is efficiently initiated by neody-
mium-based catalysts for the industrial-scale production
of high-quality synthetic rubbers (cis 1,4-polymers).1,2

Such empirically designed ternary catalytic systems
comprise Nd(III) carboxylates (also alkoxides or halides),
aluminum alkyl halides, and aluminum alkyls or alu-
minum alkyl hydrides.3-7 Typically, the carboxylic acids,

which are provided as mixtures of isomers from petro-
chemical plants (octanoic, versatic, naphthenoic acids),
are carrying solubilizing aliphatic substituents. Al-
though cationic alkyl or hydrido Nd(III) sites are
proposed to promote 1,3-diene polymerization via an
allyl insertion mechanism (Scheme 1), details of the
polymerization mechanism and of the structure of the
catalytically active center are elusive.8-10
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Scheme 1. Proposed Intermediates of the Rare
Earth (Neodymium) Catalyzed Polymerization of

Conjugated Dienesa

a R ) H, alkyl, R′ ) H, Me, X ) halide, L ) carboxylate.
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Herein, we describe the synthesis and characteriza-
tion of a new class of structurally well-defined hetero-
bimetallic carboxylates. Tailor-made, well-defined rare-
earth carboxylates were employed in order to investigate
their reactivity toward aluminum alkyl reagents. Tri-
methylaluminum not only disrupts the oligomeric struc-
ture of {Ln(O2CC6H2iPr3-2,4,6)3}n but also alkylates the
rare-earth-metal center by formation of a tetramethyl-
aluminate ligand. To our knowledge this is the first
structural evidence for a carboxylate-alkyl interchange.
Moreover, dimethylaluminum-bridged carboxylate moi-
eties, which are probably formed in situ via a rare-earth-
cation templating effect, constitute a new type of
ancillary ligand.

The new homoleptic lanthanide carboxylates {Ln(O2-
CC6H2iPr3-2,4,6)3}n (1; Ln ) Y (a), La (b), Nd (c), Lu
(d)) were obtained quantitatively by the reaction of [Ln-
{N(SiMe3)2}3] with 3 equiv of triisopropylbenzoic acid.11

Addition of an excess of trimethylaluminum to a sus-
pension of complexes 1 in hexane gave heterobimetallic
complexes of net composition [LnAl3Me8(O2CC6H2iPr3-
2,4,6)4] (Scheme 2).12 The lanthanum (2b) and neody-
mium (2c) complexes are readily soluble in hexane and
were obtained in ca. 45% yield after recrystallization.
The smaller yttrium (2a) and lutetium (2d) derivatives
dissolve in toluene (yield ca. 35%).

1H NMR spectroscopic investigations at 25 °C clearly
revealed two signals in the alkyl region. For example,

the corresponding resonances of complex 2a (2b) ap-
peared at -0.08 (0.13) and -0.41 (-0.62) ppm in a 1:1
ratio. At lower temperatures, the higher field shifted
aluminate resonance separates into two well-resolved
signals at -0.17 (-0.24) and -0.80 (-1.05) ppm (-80
°C), attributable to bridging (broad signal, no 89Y
coupling) and terminal alkyl groups. The relatively
lower coalescence temperature of -60 °C for 2b com-
pared to that for 2a (-10 °C) is consistent with
increased steric unsaturation and more rapid alkyl
exchange at the larger metal center.

The molecular structure of complex 2c was unequivo-
cally revealed by an X-ray structural determination
(Figure 1).13 The neodymium atom is eight-coordinated
by one η2-coordinating tetramethylaluminate ligand and
six oxygen atoms of four carboxylate ligands, resulting
in an inner coordination sphere of local C2 symmetry.
The average Nd-C(µ-Me) distance of 2.655 Å is elon-
gated compared to those in homoleptic six-coordinated
Nd(AlMe4)3 (average 2.590 Å).14 Each of the two AlMe2-
bridged bis(carboxylate) ligands coordinates the neody-

(9) (a) Kaita, S.; Hou, Z.; Wakatsuki, Y. Macromolecules 1999, 32,
9078-9079. (b) Kaita, S.; Hou, Z.; Wakatsuki, Y. Macromolecules 2001,
34, 1539-1541.

(10) (a) Kwag, G.; Lee, H.; Kim, S. Macromolecules 2001, 34, 5367-
5369. (b) Sabirov, Z. M.; Minchenkova, N. K.; Monakov, Y. B.
Vysokomol. Soedin., Ser. B 1990, 11, 803-804. (c) Porri, L.; Ricci, G.;
Giarrusso, A.; Shubin, N.; Lu, Z. ACS Symp. Ser. 2000, No. 749, 15-
30.

(11) (a) Compounds 1 crystallize from DMSO to give mononuclear
(Y) and carboxylate-bridged dinuclear (La) complexes: Unpublished
results. (b) For the use of the silylamide route to prepare rare-earth
carboxylate complexes, see: Spino, C.; Clouston, L. L.; Berg, D. J. Can.
J. Chem. 1997, 75, 1047-1054.

(12) Representative synthesis and characterization of 2b: in an
argon-filled glovebox, AlMe3 (216 mg, 3.00 mmol) was added to
tricarboxylate 1b (439 mg, 0.50 mmol) suspended in n-hexane. Within
several minutes a clear solution formed. After additional stirring for
16 h, the reaction mixture was filtered and the solvent removed in
vacuo. After it was dried for several hours to remove excess trimethy-
laluminum, the solid was dissolved in n-hexane and crystallized at
-45 °C to yield 2b (298 mg, 45%) as a colorless solid. IR (Nujol, cm-1):
1618 m, 1527 s, 1425 s, 1365 s, 1350 m, 1331 m, 1316 m, 1196 w, 1150
w, 1108 w, 1086 w, 940 w, 877 m, 779 w, 698 s, 632 w, 592 w, 489 w,
459 w, 406 w. Anal. Calcd for C72H116Al3LaO8: C, 65.04; H, 8.79.
Found: C, 64.76; H, 9.50. 1H NMR (400 MHz, C6D6, 25 °C): δ 7.06 (s,
8 H, Ar H), 3.27 (septet, 3JHH ) 7.0 Hz, 8 H, o-iPr), 2.72 (septet, 3JHH
) 6.6 Hz, 4 H, p-iPr), 1.28 (d, 3JHH ) 7.0 Hz, 48 H, o-iPr), 1.17 (d, 3JHH
) 6.6 Hz, 24 H, p-iPr), 0.13 (s, 12 H, AlMe2), -0.62 (s, 12 H, AlMe4).
13C NMR (100 MHz, C6D6, 25 °C): δ 183.3/151.4/144.8/131.8/121.3/
34.8/32.2/24.6/24.0/3.9/-10.8.

(13) Crystal data for 2c: C72H116Al3NdO8, Mr ) 1334.74, triclinic,
space group P1h, a ) 14.7684(1) Å, b ) 14.8321(1) Å, c ) 21.9615(2) Å,
R ) 77.5941(3)°, â ) 71.9592(4)°, γ ) 76.2673(4)°, V ) 4391.01(6) Å3,
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Scheme 2. Synthesis of Mixed Aluminate
Carboxylate Complexes 2

Figure 1. SCHAKAL drawing of the complex [{AlMe2(O2-
CC6H2iPr3-2,4,6)2}2NdAlMe4] (2c). Hydrogen atoms are
omitted for clarity. Selected bond distances (Å) and angles
(deg): Nd-C(81) ) 2.650(2), Nd-C(82) ) 2.659(2), Nd-
O(1) ) 2.555(2), Nd-O(2) ) 2.523(2), Nd-O(4) ) 2.359-
(2), Nd-O(5) ) 2.577(2), Nd-O(6) ) 2.523(2), Nd-O(8) )
2.350(2), Al(3)-C(81) ) 2.065(3), Al(3)-C(82) ) 2.068(3),
Al(3)-C(83) ) 1.969(3), Al(3)-C(84) ) 1.956(3), Al(1)-
C(17) ) 1.934(3), Al(1)-C(18) ) 1.936(3), Al(2)-C(58) )
1.937(3), Al(2)-C(59) ) 1.935(3), Al(1)-O(1) ) 1.860(2), Al-
(1)-O(3) ) 1.828(2), Al(2)-O(5) ) 1.851(2), Al(2)-O(7) )
1.813(2), C(1)-O(1) ) 1.314(3), C(1)-O(2) ) 1.222(3),
C(21)-O(3) ) 1.271(3), C(21)-O(4) ) 1.255(3), C(41)-O(5)
) 1.315(3), C(41)-O(6) ) 1.232(3), C(61)-O(7) ) 1.270(3),
C(61)-O(8) ) 1.250(3); C(81)-Nd-C(82) ) 79.83(8), O(1)-
Nd-O(2) ) 50.61(5), O(1)-Nd-O(4) ) 72.87(5), O(5)-Nd-
O(6) ) 50.52(5), O(5)-Nd-O(8) ) 72.81(5), C(81)-Al(3)-
C(82) ) 111.0(1), O(1)-Al(1)-O(3) ) 96.72(8), O(5)-Al(2)-
O(7) ) 96.88(8).
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mium center asymmetrically in a new η3 fashion by
forming fused four- and six-membered (heterobi)met-
allacycles (coordination modes are referred to the neody-
mium center). The η2-coordinating carboxylate moiety
exhibits two similar Ln-O bond lengths in the range
of 2.522(2)-2.577(2) Å, which are comparable to the
Nd-O distances of the chelating bidentate carboxylate
ligands in nine-coordinated neodymium(III) butyrate,
Nd(C3H7CO2)3‚H2O (2.490(10), 2.582(8) Å).15 The aver-
age Nd-O bond length of 2.354 Å of the η1-coordinating
carboxylate moiety is significantly shorter than that of
the µ,η1: η1-coordinating carboxylate ligand in Nd(C3H7-
CO2)3‚H2O (2.421(9), 2.470(9) Å).15,16 In comparison, the
dinuclear complexes {(CF3CO2)3NdAlHR2(THF)2}2 (R )
Et, iBu), prepared from {(CF3CO2)2NdCl} and R2AlH,
feature nine-coordinated neodymium centers and two
types of bridging carboxylate ligands: µ,η1: η1-(O2CCF3)
and µ,η3: η1-{(O2CCF3)2AlMe2}.17

AlMe3-mediated formation of lanthanide carbon bonds
has been reported previously for amide f alkyl and
silylamide f alkyl transformations,14,18 while the dis-
placement of alkoxide ligands in the presence of orga-
noaluminum compounds has been discussed contrar-
ily.19,20 Given the higher coordination ability of che-
lating carboxylate moieties relative to alkoxide li-
gands, a carboxylate f alkyl transformation is remark-
able. Complexes 2 form in constant yields when the
precursor carboxylates 1 are reacted with >6 equiv of
AlMe3. The more soluble coproducts have not yet been
fully identified; however, 1H NMR spectroscopic exami-
nations indicated the formation of at least two ad-

ditional metal alkyl species. Note that complexes 2 do
not form according to a simple ligand redistribution
process, because the η3-coordinating monoanionic ligand
[AlMe2(O2CC6H2iPr3-2,4,6)2] seems to be generated only
by a rare-earth-cation-templated reaction.21,22 This is
reinforced by the absence of any [AlMe2(O2CC6H2iPr3-
2,4,6)] coproduct.23 Moreover, if complexes 2 are real
intermediates of the formation of the active species,
their peculiar solubility behavior might significantly
contribute to their catalytic performance in “homoge-
neous” diene polymerization. Note that the “large”
neodymiumsin the present examination the more soluble
systemssupposedly displays the most efficient rare-
earth-metal center.

Preliminary catalytic investigations show that hex-
ane-soluble neodymium complex 2c polymerizes iso-
prene when combined with Et2AlCl as a cocatalyst.
Polymer yield and cis content (by 13C NMR spectro-
scopy) depend, as expected,24 on the lanthanide-to-
halide ratio (2c:Et2AlCl ) 1:1, 62% conversion, 94% cis-
1,4-polyisoprene; 2c:Et2AlCl ) 1:5, 35% conversion,
>99% cis-1,4-polyisoprene; monomer-to-neodymium ra-
tio of 1000; a coactivating third component such as
AlHiBu2 is not necessary).
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