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ABSTRACT: Although a series of complexes with rare earth (RE)
metal−metal bonds have been reported, complexes which have
multiple RE−Rh bonds are unknown. Here we present the
identification of the first example of a molecule containing multiple
RE−Rh bonds. The complex with multiple Ce−Rh bonds was
synthesized by the reduction of a d−f heterometallic molecular
cluster Ce{N[(CH2CH2NP

iPr2)RhCl(COD)]3} with excess po-
tassium-graphite. The oxidation state of Ce in 3a appears to be a
mixture of Ce(III) and Ce(IV), which was confirmed by X-ray
photoelectron spectroscopy, magnetism, and theoretical investigations (DFT and CASSCF). For comparison, the analogous species
with multiple La(III)−Rh and Nd(III)−Rh bonds were also constructed. This study provides a possible route for the construction of
complexes with multiple RE metal−metal bonds and an investigation of their potential properties and applications.

■ INTRODUCTION

Molecular clusters featuring metal−metal bonds have been
fascinating scientists for decades because of their fundamental
importance in the understanding of structure and bonding,
catalysis, magnetism, and the chemistry of metal surfaces.1−3

Studies of transition metal (TM)−metal multiple bonds as well
as low-valent main-group metal−metal bonds have extended
our understanding of chemical bonding, as exemplified by the
isolation of complexes with an Re−Re quadruple bond,4 a Cr−
Cr quintuple bond,5 Zn−Zn and Mg−Mg single bonds,6,7 and
an In6 molecular chain.8 Compared with TMs, however, the
chemistry of metal−metal bonds involving rare earth (RE)
metals is still in its infancy.9−12

Since the first RE−TM bond in (C5H5)2Y(THF)-
Re2H7(PMe2Ph)4 was structurally characterized by Evans and
co-workers in 1990,13 many chemists have studied this
important and fundamental field. Representative examples
include complexes with RE−Re (RE = Y, La, Sm, Yb, Lu),14−19

RE−Fe (RE = Nd, Yb, Sc, Y, Lu, La, Dy, Ce),20−26 Sm−Co,27
RE−Ni (RE = Sc, Y, La, Lu),28−31 RE−Pd (RE = Nd,
Sc),32−35 and RE−Pt (RE = Sc, Y, Lu)36,37 bonds. In addition,
some examples with metal−metal bonds between RE and
main-group metals have also been reported.38−48 However,
notwithstanding these important discoveries, bimetallic species
with a RE−Rh bond are rare49 and to the best of our
knowledge the heterometallic complexes with multiple RE−Rh
bonds are unknown.
RE metals in molecular complexes usually exhibit a stable

+III oxidation state; the synthesis and characterization of +IV
RE species remains a challenge. Cerium, as one of the most

abundant RE metals, can adopt a +IV oxidation state in
molecular complexes.50−59 Recently, the +IV oxidation state of
RE was extended to Tb and Pr independently by the groups of
Mazzanti and La Pierre.60−64 However, an example of a +IV
RE complex with a metal−metal bond has not been reported.
We have recently reported that a multidentate N−P ligand is

an effective platform for the construction of heterometallic
clusters with multiple actinide metal−transition metal
bonds.65−68 Herein, we report the first example of a complex
with multiple Ce−Rh bonds stabilized by this N4P3 ligand via a
reductive approach starting with chloride-bridged heterome-
tallic clusters containing Ce and Rh. The oxidation state of Ce
in this species appears to be a mixture of Ce(III) and Ce(IV).
Two similar structures with multiple Nd(III)−Rh and
La(III)−Rh bonds were also synthesized for comparison.

■ RESULTS AND DISCUSSION
Synthesis and Characterization. Treatment of {Ce[N-

(CH2CH2NP
iPr2)3]}2 (1a) with 3 equiv of [Rh(COD)Cl]2

(COD = cyclooctadiene) in tetrahydrofuran (THF) for 2 h at
room temperature (RT) afforded a complex Ce{N-
[(CH2CH2NP

iPr2)RhCl(COD)]3} (2a), which was isolated
as a yellow crystalline solid in 85% yield (Scheme 1). The
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formation of complex 2a is analogous to the triple FLP-type
reactivity previously observed in the reactions of 1a with a
series of organic substrates.69 A previous study showed that the
reduction of the chlorine bridged U−Rh cluster can be used to
synthesize species with multiple U−Rh bonds.66 Accordingly,
we examined the reaction of complex 2a with potassium-
graphite (KC8). A mixture of crystalline 2a with 2 equiv of KC8
in THF at RT for 12 h led to the formation of a heterometallic
cluster (3a) as brown crystals after recrystallization from
toluene at −30 °C. Use of excess KC8 did not alter this result.
The detailed mechanism for the formation of complex 3a is
ambiguous but probably involves the reduction of two Rh(I) to
Rh(0) atoms by 2 equiv of KC8 and oxidative addition of two
C−H bonds on COD to the Rh(0), and then, reductive
elimination of H2 forms the final product. Analysis of the
headspace of this reaction by gas chromatography confirmed
the generation of H2 (Figure S7).
For comparison, the corresponding heterometallic clusters

with Nd and La centers were also constructed. The complexes
{Nd[N(CH2CH2NP iPr 2 ) 3 ] } 2 (1b ) and {La [N-
(CH2CH2NP

iPr2)3]}2 (1c) were synthesized by the reaction
of N(CH2CH2NHP

iPr2)3 with Nd[N(SiMe3)2]3 and La[N-
(SiMe3)2]3 via amine elimination, respectively. Similar to 2a,

complexes Nd{N[(CH2CH2NP
iPr2)RhCl(COD)]3} (2b) and

La{N[(CH2CH2NP
iPr2)RhCl(COD)]3} (2c) were synthe-

sized by the reactions of 1b and 1c with 3 equiv of
[RhCl(COD)]2 at RT in THF, respectively (Scheme 1).
Complexes 2b and 2c could react with 2 equiv of KC8 to
generate 3b and 3c, respectively, which were isolated as brown
crystals in low yields after recrystallization from toluene at −30
°C. Attempts to increase the crystalline yields of complexes 3
by converting the outer sphere Cl− to PF6

−, BF4
−, or BPh4

−

were unsuccessful, and no crystalline products were formed in
these processes. Both complexes 2 and 3 are insoluble in
aromatic solvents (C6D6, C6D8), aliphatic hydrocarbons
(CD2Cl2), ethers (THF-d8), and even DMSO-d6, and
consequently, their NMR spectra were not obtained.
The solid-state structures of complexes 2a, 2b, and 2c were

confirmed by single-crystal X-ray crystallography (Figure 1).
The RE metals (Ce, Nd, and La) and three Rh atoms are
bridged by three Cl atoms. These complexes exhibit an
approximately symmetrical structure with a C3 axis, Ce1−N1
in 2a, Nd1−N4 in 2b, and La1−N1 in 2c. The RE centers
were coordinated with four N atoms from the triamidoamine
ligand and three Cl atoms from three [RhCl(COD)] units.
The average Rh−P bond lengths of 2.354(2), 2.3442(11), and
2.334(5) Å for 2a, 2b, and 2c, respectively, are similar to the
values reported previously.70 Complex 2b represents the first
example of a heterometallic cluster containing Nd and multiple
TMs.
The molecular structures of heterometallic clusters 3a, 3b,

and 3c were also confirmed by single-crystal X-ray diffraction
(Figure 2). In complex 3a, the bond length of Ce1−Rh1
(2.8360(4) Å) was slightly shorter than the sum of the
covalent radii of Ce and Rh when comparing the interatomic
distances (2.88 Å) based on the covalent radii reported by
Pyykkö and Atsumi.71 The Ce1−Rh2 bond length (3.1553(4)
Å) was longer than that of Ce1−Rh1 but is almost identical to
the length of the only example of a structurally authenticated
Ce−TM bond in (THF)PyCp2Ce−FeCp(CO)2 (3.1546 Å),21

even though the covalent radius of Rh (1.25 Å) is 0.09 Å larger
than that of Fe (1.16 Å). The length of the Rh1−Rh3
(2.6871(4) Å) bond in 3a is shorter than the Rh1−Rh2
(2.8068(4) Å) and Rh2−Rh3 (2.9345(4) Å) bonds, but all
three Rh−Rh bond lengths are obviously longer than the sum
of single bond covalent radii for two Rh atoms (2.50 Å), which
indicates a weak Rh−Rh interaction between these three Rh
atoms.
The bonds in complexes 3b and 3c are very similar to those

observed in 3a (Figure 2 and Table 1). The bond length of

Scheme 1. Synthesis of d−f Heterometallic Molecular
Clusters with Multiple RE−TM Bonding

Figure 1. Solid-state structures of 2a, 2b, and 2c obtained by X-ray crystallography with 50% probability ellipsoids. Solvent molecules, hydrogen
atoms, and isopropyl moieties in PiPr2 are omitted for clarity.
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Nd1−Rh1 (2.8509(8) Å) is shorter than that of Nd1−Rh2
(3.1438(8) Å) and also shorter than that of the only Nd−Rh
bond (2.974 Å) reported previously,49 which is close to the
sum of the interatomic covalent radii of Nd and Rh (2.99 Å).71

The La1−Rh1 bond length is 2.8284(10) Å in 3c, which was
also shorter than that of La1−Rh2 (3.1878(11) Å). To the
best of our knowledge, no structurally characterized species
with an La−Rh bond has been reported previously and the
La−Rh bond lengths in complex 3c are close to the previously
reported La−Re bond length (3.0721 Å).17

The shortest Rh···Cl distances are 3.392 Å in 3a, 3.928 Å in
3b, and 4.539 Å in 3c. These distances are much longer than
the Rh−Cl bond lengths in complexes 2 (2.389 Å in 2a, av.
2.389 Å in 2b, and 2.428 Å in 2c) and longer than the sum of
single bond covalent radii of Rh and Cl (2.24 Å). Therefore,
based on the crystallographic analysis, the Cl ions in complexes
3 are counterbalancing anions in the outer sphere. The Ce1−
Rh1 (2.8360(4) Å), Nd1−Rh1 (2.8510(8) Å), and La1−Rh1
(2.8284(10) Å) bonds in heterometallic clusters 3a, 3b, and
3c, respectively, represent the shortest Ce−TM, Nd−TM, and
La−TM bonds structurally authenticated by X-ray diffraction.
As shown in Table 1, the average Ce−Namido (2.371(3) Å)

and Ce−Namine bond lengths (2.629(3) Å) in 3a are longer
than the Nd−Namido (average of 2.339(7) Å) and Nd−Namine
(2.590(8) Å) bond lengths in 3b and shorter than the bond
lengths of La−Namido (average of 2.400(6) Å) and La−Namine
(2.640(10) Å) in 3c, respectively. The differences of the RE−
N bond lengths in these complexes are consistent with the
order of the Shannon six-coordinate ionic radii for La3+ (1.032
Å) > Ce3+ (1.01 Å) > Nd3+ (0.983 Å). A plot of RE−N
distances versus the RE ionic radii was shown in Figure S28,
which suggests a trivalent cerium ion in 3a.
Theoretical Studies. Density functional theory (DFT)

calculations were used to determine the nature of the bonding
in complexes 2 and 3 and to learn something of the oxidation

states of the metals (RE and Rh) in complexes 3a and 3b.
Geometry optimization without symmetry constraints was first
carried out on complexes 2a and 2b in order to validate the
computational methods (B3PW91), although this method has
been well-established since the pioneering work of Maron and
Eisenstein.72 Small core RECPs were used to describe the Ce
and Nd centers rather than large core RECPs, that are
dedicated to a given oxidation state, even though the +III
oxidation state for the RE centers and +I for the Rh ones are
evident in complexes 2a and 2b. Among others, the Rh−P
bond lengths are correctly reproduced by the calculations
(2.39 Å vs 2.35 Å experimentally). Unpaired spin densities
were determined in both cases (2a is a doublet spin state and
2b a quartet spin state), and both are consistent with a +III
oxidation state of Ce and Nd (1.02 for Ce and 3.06 for Nd)
and therefore a +I oxidation state of Rh (no unpaired spin
density was located on the Rh centers). As mentioned above,
these oxidation states were expected for these complexes and
can be considered as benchmarks for the computational
methods. To further ensure the oxidation states, large core
RECPs were used to describe the RE centers and the geometry
was fully optimized assuming a +III oxidation state for the RE
centers (use of 11e valence electron RECPS as proposed by
Maron and Eisenstein in 2000).72 The optimized geometries
using large core RECPs are in good agreement with the results
obtained with small core RECPs. For example, the Rh−P bond
lengths calculated by the two computational approaches (2.39
Å, see the table in the Theoretical Calculations section of the
Supporting Information for a more complete comparison) are
identical. A bonding analysis carried out at the natural bonding
orbital (NBO) level indicates the presence of 3 center−2
electron (3c−2e) bonds around the RE center, namely, RE−
Cl−Rh and RE−N−P, with an ionic character. The latter is
highlighted by the RE−Cl and RE−N Wiberg bond indexes
(WBI) that are the same for all six interactions and equal to
0.44, in line with ionic−covalent interactions. As expected, the
Rh−Cl and Rh−P bonds were found to be more covalent than
the RE−Cl and RE−P bonds with WBI values of 0.54 (Rh−
Cl) and 0.66 (Rh−P). The covalent contribution in the M−X
bonds explains the charges found by the natural population
analysis (NPA) where the RE charges are around +1.3 (1.29
for Ce and 1.28 for Nd), whereas the Rh charges are −0.24.
The latter may seem surprising for a Rh(I) system but can be
explained by the charges of Cl (−0.29), N (−1.2), and P
(+1.5) and the covalent contribution in the Rh−X bonds.
Since the computations give correct geometries for the

complexes 2a and 2b and allow density analysis, calculations
were undertaken on the complexes 3a and 3b where the RE

Figure 2. Solid-state structures for cations of 3a, 3b, and 3c obtained by X-ray crystallography with 50% probability ellipsoids. Solvent molecules,
hydrogen atoms, and isopropyl moieties in PiPr2 are omitted for clarity.

Table 1. Selected Bond Distances (Å) in 3a, 3b, and 3c

LnCe (3a) LnNd (3b) LnLa (3c)

Ln1−Rh1 2.8360(4) 2.8509(8) 2.8284(10)
Ln1−Rh2 3.1553(4) 3.1438(8) 3.1878(11)
Rh1−Rh2 2.8068(4) 2.8076(9) 2.8179(11)
Rh2−Rh3 2.9345(4) 2.9395(11) 2.8771(16)
Rh1−Rh3 2.6871(4) 2.6908(9) 2.6969(14)
Ln1−N1 2.348(3) 2.299(7) 2.377(9)
Ln1−N2 2.384(3) 2.361(7) 2.417(9)
Ln1−N3 2.380(4) 2.358(7) 2.406(10)
Ln1−N4 2.629(3) 2.590(8) 2.640(10)
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and Rh oxidation states are less evident. The optimized
geometry of 3b is in good agreement with the experimental
geometry (see the Supporting Information). Among others,
the M−M distances are well reproduced (Nd1−Rh1 2.87 vs
2.8510(8) Å, Nd1−Rh2 3.17 vs 3.1433(7) Å, Rh1−Rh2 2.86
vs 2.8077(8) Å, Rh1−Rh3 2.68 vs 2.6908(8) Å, Rh2−Rh3 2.98
vs 2.9398(10) Å). The unpaired spin density (3.16) is located
only at the Nd center (Figure 3, top), which is the same as in

complex 2b. Therefore, it can be easily concluded that, quite
expectedly, the oxidation state of neodymium is +III, while it is
+I for each Rh center in 3b. NBO calculations indicate the
formation of a Nd−Rh bond which is strongly polarized
toward Rh (97%) involving a pure d orbital on Rh and a
hybride pdf orbital on Nd (23% p, 55% d, and 18% f). The
associated WBI is 0.48, which is similar to that of the Nd−Cl
bond in complex 2b. The Rh−Rh interactions are also found at
the second-order donor−acceptor NBO level because it
involves donation from a filled d orbital on one Rh and an
empty d orbital on the other Rh. The associated WBIs are
between 0.36 and 0.17.
A similar analysis was carried out on complex 3a. The

optimized geometry of 3a is in agreement with the
experimental one with the M−M distances well reproduced
(Ce1−Rh1 2.85 vs 2.8360(4) Å, Ce1−Rh2 3.14 vs 3.1553(4)
Å, Rh1−Rh2 2.85 vs 2.8068(4) Å, Rh1−Rh3 2.67 vs 2.6871(4)
Å, Rh2−Rh3 2.96 vs 2.9345(4) Å). The unpaired spin density
plot (Figure 3, bottom) indicates some spin depletion on Ce
and some spin accumulation on Rh. One can therefore
conclude that there is a Ce(IV) center present with one Rh(0).
To further probe this, large core RECP calculations were

carried out assuming either a Ce(III) or a Ce(IV) center.
Using a Ce(IV) center, the calculation is a doublet spin state
and the unpaired spin density is located at Rh3 (0.84) in line
with a Rh(0) and a Ce(IV). Moreover, the bond distances
found with the large core RECP associated with Ce(IV) are in
better agreement with both the experimental and small core
ones than the Ce(III) ones (see the table in the Supporting
Information). However, the RE−N bond distances in complex
3a are found to lie in between the bond distances found for the
La(III) and Nd(III) complexes (see Table 1 and the
Supporting Information for the computed La values), so that
one may conclude that this is compatible with a Ce(III) center
in 3a. In the same way, the computed Ce valence elelectron
configuration (see the Supporting Information) is similar to
that found for complex 2a, in line with a Ce(III) center.
Therefore, it seems that there is a discrepancy between all
analyses (both experimentally and computationally). However,
this can be fully understood by analyzing the SOMO of the
system (Figure 4). As can be seen, this molecular orbital is fully

delocalized between the Ce and the three Rh centers, with a
greater contribution from the three Rh. Therefore, the
unpaired electron in the system is delocalized between the
four metal centers with a greater probability to be around the
three Rh centers rather than being at the Ce. This is thus why a
spin depletion is observed at the Ce center and a spin
accumulation at the Rh but also why the experimental bond
distances are consistent with a +III oxidation state. Therefore,
the oxidation state of the Ce center should be in between +III
and +IV in 3a.
It is interesting to note that the SOMO of the Nd(III)

complex 3b and the HOMO of La(III) complex 3c (Figure 5)
does not indicate such electron delocalization of the unpaired
electrons from the RE center toward the Rh. This intermediate
oxidation state is also in line with the magnetism reported for
complex 3a (see Figure S9). Indeed, the curve of χT vs T is not
smooth and is the only one to exhibit a change in slope,
indicative to some extent of temperature independent
paramagnetism (TIP) and of a multiconfigurational ground
state for the Ce complex.73 To investigate this, CASSCF
calculations were carried out on the system. Several active
spaces were considered to compute the ground state in order
to define the most appropriate one. The small CAS(3,3) was
found to be leading to similar results than larger CAS(3,7) or
even CAS(7,7), and all are giving a doublet ground state for
complex 3a with a multiconfigurational ground state formed by
68% Ce(III) and 32% Ce(IV). This explains also why the χT

Figure 3. Unpaired spin density plot for the complexes 3b (top) and
3a (bottom). Top: The red area around the Nd center indicates
unpaired spin density (3.16) accumulation, and it is only located at
the RE. Bottom: The red area around the Rh indicates the unpaired
spin density accumulation, while the purple contour around the Ce
center indicates unpaired spin density depletion.

Figure 4. Plot of the SOMO of complex 3a. The isocontour plot is set
to the default (0.03).
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vs T plot of 3a exhibits a slope change, in line with TIP
behavior as well as the presence of Ce(IV) fingerprints in
XANES experiments. Apart from this important difference in
metal center oxidation states, the bonding analysis in 3a is
similar to that in 3b with a strongly polarized Ce−Rh bond
formation and some Rh−Rh bonding interactions (WBI: Ce−
Rh 0.51, Rh−Rh 0.40, 0.37, and 0.18).
Magnetic Studies. Variable-temperature magnetic data for

clusters 2 and 3 were measured with a superconducting
quantum interference device (SQUID) in the solid state. As
shown in Figure 6, the magnetic properties of 2b and 3b are
quite similar, suggesting that they possess the same electronic
structure. Except for neodymium, the oxidation state of
rhodium is also the same in both complexes. At 300 K, the
magnetic moments of 2b and 3b are 3.64 μB and 3.80 μB,
respectively, close to the theoretical value (3.62 μB) of one
Nd(III) ion ( f 3, 4I9/2, g = 8/11), indicating that Rh(I) is
diamagnetic and has a low spin state. Upon cooling, the
magnetic moments slowly decreased to 1.55 μB and 2.20 μB at
1.8 K for 2b and 3b, respectively, which is ascribed to the
thermal depopulation of Stark levels of Nd(III) ion.
Complexes 2a and 2b are isomorphous except for the

difference of the lanthanide ion, so 2a should show the
properties of one Ce(III) ion. As expected, the effective
moment of 2a is 2.58 μB at 300 K, close to the theoretical value
(2.54 μB) of Ce(III) ion ( f1, 2F5/2, g = 6/7). Similar to 2b, the
moment of 2a decreases with the cooling due to the orbital
contribution and reaches 1.54 μB at 1.8 K (Figure 6, bottom).
However, complex 3a exhibits an effective magnetic moment
of 2.16 μB at 300 K, which is between the theoretical values for
a Ce(III) ion (2.54 μB) and a Rh(0) ion with S = 1/2 (1.732
μB). This result is consistent with the presence of some extent
Ce(IV) and Rh(0) components in 3a (i.e., 3a′ in Scheme 1).
The magnetic moment of 3a slowly decreases to 1.85 μB (2 K)
with decreasing temperature. Attempts to further oxidize the
cerium center in 3a by AgBF4, AgBPh4, Ph3CCl, Ph3CBr, or
PhICl2 were unsuccessful, with only some unidentified species
being formed. The magnetic moments for lanthanum
complexes, 2c and 3c, were also measured for comparison.
As expected, complex 3c exhibits a diamagnetic feature in the
entire temperature range (Figure S12). However, complex 2c
shows labile χMT values for different samples, and this was
attributed to variable amounts of paramagnetic impurities
(Figure S12).
X-ray Photoelectron Spectroscopy. The assignments of

oxidation states for Nd(III) and Rh(I) in 2b and 3b are

consistent with the X-ray photoelectron spectroscopy (XPS)
data (Figures S13−S16). The Nd-3d5/2 and Rh-3d5/2 binding
energies in 2b (982.14 and 308.12 eV, respectively) are very
close to those found in 3b (981.53 and 308.60 eV,
respectively). The binding energies for Ce-3d3/2 (903.41 and
899.70 eV) and Ce-3d5/2 (884.86 and 881.36 eV) in 3a are

Figure 5. Plot of the highest molecular orbital for 3b and 3c. The default isocontour value of 0.03 was used.

Figure 6. Variable-temperature magnetism for 2b and 3b (top) and
2a and 3a (bottom).
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close to the binding energies for Ce(III) in complex 2a
(903.14 and 898.31 eV for Ce-3d3/2; 884.67 and 880.71 eV for
Ce-3d5/2). The Rh-3d5/2 binding energies for 2a (307.27 eV)
and 3a (307.34 eV) are also close to that of 2b (308.12 eV).
These results indicate the oxidation states of RE and Rh in
complexes 2 and 3 are +III and +I, respectively. However, the
cerium L3-edge XANES spectrum of 3a exhibits two well-
separated peaks at about 5732.0 and 5738.6 eV, which are very
similar to that found in the reference CeO2 (Figure S21).73

Electronic Absorption Spectra. The UV−vis-NIR
electronic absorption spectra for 2 and 3 were recorded in
THF at room temperature (Figures S22−S27). Complexes 2a,
2b, and 2c each displayed an intense absorption peak centered
around 400 nm and extending over the range of 300−500 nm,
and this was tentatively assigned as a ligand to metal charge
transfer. In contrast to 2, the absorption of complexes 3a, 3b,
and 3c is very broad, ranging from 300 to 800 nm, and is
consistent with their crystalline reddish-brown color.

■ CONCLUSION
In summary, we report a series of heterometallic clusters
containing multiple RE−Rh (RE = La, Ce, and Nd) bonds
prepared via a reductive approach. Complexes 3a, 3b, and 3c
feature the shortest Ce−TM, Nd−TM, and La−TM bonds
authenticated by X-ray diffraction. The oxidation state of Ce in
complex 3a appears to be in between Ce(III) and Ce(IV) and
was confirmed by a combined experimental and theoretical
study. DFT calculations indicate that the formation of complex
3a implies the deleocalization of the unpaired electron between
the Ce center and the Rh atoms. For complexes 3a, 3b, and 3c,
the formation of a RE−Rh bond was detected and involves
donation from a filled d orbital on Rh to a pdf hybrid orbital
on a RE metal. Our study further confirmed that this N4P3
ligand is an effective platform for the construction of d−f
heterometallic molecular clusters with multiple RE−TM
bonds. Studies on the reactivity of these heterometallic clusters
are currently in progress in our laboratory.
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