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Summary: Treatment of SmIly(THF)x with 2 equiv of
[MEZSi(CzBloHll)(C5H4)]Na in THF, followed by extrac-
tion with toluene, gave [Me;Si(C2B1oH11)(CsHa)]Sm-
(THF)2 (1), which represents the first structurally char-
acterized example of the mixed lanthanacarborane
incorporating #°-cyclopentadienyl and n®-carboranyl
ligands. Unlike the Sml; case, interaction of Ybly(THF)
with 2 equiv of [Me,Si(C2B1oH11)(CsHi)INa in THF
afforded [Me;Si(C2B10H11)(CsHa)l2YB(THF), (2).

All of the lanthanacarboranes described in the litera-
ture are those in which a lanthanide metal is bonded
to either one or two identical or similar carborane
ligands.2~2 There are no definitive reports on the mixed-
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ligand organolanthanide complexes having either a
cyclopentadienyl or some other cyclic organic oz donor
as the companion ligand to a carborane, despite the fact
that this mixed-ligand type of complexes is well-known
in d-block transition-metal chemistry.* Attempts to
prepare the mixed-ligand complex [(CsMes)Eu(C2B1oH12)-
(THF),]~ failed, probably due to the ligand redistribu-
tion of the complex with the formation of (CsMes),Eu-
(THF); and [(C2B10H12)2EU(THF),]2~.24 This kind of
ligand redistribution reaction is also found in other
lanthanacarboranes with C,;Bo® and C,B4%¢ systems.
Here, we report the first structurally characterized
example of a mixed lanthanacarborane incorporating #°-
cyclopentadienyl and #%-carboranyl ligands, which was
prepared via an unexpected redox reaction.
Treatment of Smiy(THF),® with 2 equiv of [Me;Si-
(C2B10H11)(CsH4)INa® in dry THF at room temperature,
removal of the THF, extraction of the residual with tolu-
ene, and evaporation of the solvent does not give the
expected intensely colored complex [Me;Si(C2BioH11)-
(CsH4)12SM(THF),; instead, a yellow compound with the
formulation of [Me,Si(C2B1oH11)(CsH4)]SM(THF), (1)
was isolated in 32% yield.” This color change indicates
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at the 35% probability level, of compound 1. All hydrogen
atoms are omitted for clarity. Selected bond distances (A)
and angles (deg): average Sm(1)—C (Cs ring) = 2.664(2)
[2.748(2)]; average Sm(1)—cage atom = 2.841(3) [2.764(3)];
SM(1)—0(1) = 2.409(2) [2.350(2)]; Sm(1)—0O(2) = 2.517(2)
[2.434(2)]; O(1)-Sm(1)—0(2) = 76.76(6) [83.63(6)]; C(1)—
Si(1)—C(9) = 106.4(1) [93.9(1)]; Cnt(1)—Sm(1)—-Cnt(2) =
123.4(1) [126.7(1)]. Distances and angles in brackets are
those of a second molecule.

that the oxidation state of Sm has been changed from
+2 to +3. The 'H NMR spectrum of the hydrolysis prod-
ucts shows the presence of free THF and [Me,Si-
(C2B1oH12)(CsHs)]~ 14 in the ratio of 2:1. The 1B{1H}
NMR spectrum consists of extremely broad, unresolved
resonances, implying the neutral carborane has been
reduced to the dianion, which may have a strong inter-
action with the paramagnetic center Sm3+.1¢d The solid-
state IR spectrum exhibits a unique doublet centered
at 2513 cm™1, typical of the ionic interaction of a positive
metal center and an anionic carborane ligand.1=38 The
molecular structure of this compound has been con-
firmed by single-crystal X-ray analysis,® which shows
two crystallographically independent molecules in the
unit cell (Figure 1). The Sm ion is n®>-bound to the
cyclopentadienyl ring, %-bound to the hexagonal C,B,
face of C,BioH11 cage, and coordinated to two THF
molecules in a distorted tetrahedral geometry.

The average Sm—C (Cs ring) distances of 2.664(2) and
2.748(2) A compare rather well with those found in other
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Me,Si-bridged cyclopentadienylsamarium(lll) com-
plexes.’® The average Sm—cage atom (C,B, face) dis-
tances of 2.764(3) and 2.841(3) A are close to the values
of 2.805—2.859 A, which would be expected by subtract-
ing the difference, 0.171 A, between Shannon’s ionic
radiill of Sm3* (1.079 A) and Eu?* (1.250 A) from the
average Eu-cage atom distances, 2.976 and 2.989 A in
[(CzBlole)EU(MeCN)g]nld or 3.03 A in [(CzBlole)z-
Eu(THF),]2~.2d On the other hand, the Sm—Cnt(1)
(centroid of Cs ring) distances (2.390 and 2.465 A) are
significantly longer than those (2.226 and 2.298 A) of
Sm—Cnt(2) (centroid of C,B, face). These differences
should be due to the much larger C,B, face of the
carborane cage, not to the ligating properties of the
anions. Otherwise, the ligand redistribution products
would be expected to be isolated.1d

Compound 1 is believed to be formed through an
unexpected redox reaction in which Sm2* was oxidized
to Sm3* and, meanwhile, the neutral carborane was
reduced to the dianion. To gain some insight into this
reaction, 1B NMR was used as a probe to examine some
reactions. The results show that Sml;(THF)x cannot
reduce CzBlole,l Mezsi(CZBloHll)(CsH5),6 or CoB1oH10-
(CH,CgH55)22 to the corresponding dianions, although it
is well-known reducing agent.>12 [(MesSi),CsH3],Sm-
(THF)2,23 however, can slowly reduce C,BjoHi» or
C,B10H10(CH2CsHs), to the corresponding dianions.
These observations suggest that cyclopentadienylsa-
marium(ll) species may serve as an intermediate during
the reaction of SmIx(THF), with [MezSi(C2B1oH11)-
(CsH4)]Na. On the other hand, C,B10H10R,2~ (R = H,
Me) is also known to be a powerful reducing species,
which can reduce M(1V) to M(I1) (M = Ti, Zr, Hf)** and
Eu(lll) to Eu(ll).1d The reducing properties of both
Smly(THF), and C,B10H10R22~ make it extremely dif-
ficult to prepare a compound containing both reducing
and oxidizing sites, such as compound 1 via other
methods. For example, the reaction of [Me;Si(C2B10H11)-
(CsH4)ISMCI(THF); with an excess amount of K metal
or treatment of SmCl3 with 1 equiv of [Me;Si(C2B10H11)-
(CsH4)]K3® in THF gave the same Sm(I1) compound.

Unlike the Sml; case, interaction of Ybl(THF),> with
2 equiv of [MezSi(C2B10H11)(CsH4)]Na in THF at room
temperature, removal of the solvent, extraction with
toluene, and hexane vapor diffusion afforded a red
compound [Me;Si(C2B10H11)(CsH4)]Yb(THF)2 (2) in 66%
yield.’®> It was characterized by complexometric metal
analysis, IR and NMR spectroscopy as well as X-ray
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Figure 2. ORTEP diagram, with thermal ellipsoids drawn
at the 35% probability level, of compound 2. All hydrogen
atoms are omitted for clarity. Selected bond distances (A)
and angles (deg): average Yb(1)—C = 2.725(2); Yb(1)—0O(1)
= 2.391(2); Yb(1)—0O(2) = 2.460(1); Yb(1)—Cnt = 2.447(2)
and 2.455(2); O(1)—Yb(1)—0(2) = 83.27(7); Cnt—Yb(1)—Cnt
= 134.0(1).

crystallography.1® As shown in Figure 2, the compound
adopts the pseudotetrahedral, bent-metallocene motif
commonly observed for Cp,Yb(I1)L, complexes.” There
is no interaction between Yb2™ and any one of the B—H
bonds from the carboranes. The two cages stay away
from each other to avoid the repulsion. The average

(16) Crystal data for 2 (CzeHsngoOzSisz; fw, 8482) Orthorhombic,
space group Phca, a = 12.938(3) A, b = 16.832 (3) A, ¢ = 40.341(8) A,
V = 8785(3) A3, deaca = 1.283 g/em3, Z = 8, Ry = 0.054 (1 > 2.00(1)),
WR; = 0.153, data-to-parameter ratio 12.5.
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Yb—C distance of 2.725(2) A, the average Yb—O distance
of 2.426(2) A, the Cnt—Yb—Cnt (Cnt = centroid of Cs
ring) angle of 134.0(1)° and the O(1)—Yb—0(2) angle of
83.3(2)° fall in the range normally observed for Cp,YbL -
type of complexes.t’

In conclusion, an unexpected redox reaction led to the
preparation and structural characterization of the first
mixed lanthanacarborane incorporating n°-cyclopenta-
dienyl and n%-carboranyl ligands. This reaction does not
take place with Ybl,, which is the less powerful reducing
agent. This work also shows that the cyclopentadienyl
and C;Bjp dianion should have an identical or a very
similar ligating ability.
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