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The organometallic chemistry of the lanthanide elements has
witnessed an explosive growth and spectacular developments since
the introduction of the pentamethylcyclopentadienyl ligand system
to this area of chemistry, with the trivalent and divalent states
benefiting equally.1,2 The (C5Me5)2LnR (R) H, alkyl) compounds
have been shown to be exceptional catalysts,3 while in particular,
the arene-soluble (C5Me5)2Sm(THF)1-2

4 and its solvent-free parent
(C5Me5)2Sm5 can affect unique organic transformations,6 which
have been attributed to the strong reducing ability of Sm(II) and
to the coordinative unsaturation of the metal center.7

Given the demonstrated importance of steric factors in lan-
thanide chemistry, the design and use of alternatives to the C5-
Me5 ligand have become an area of active investigation.8,9 In this
context, we10 and Sella et al.11 have initiated an extensive
investigation into the synthesis and reactivity of hydrotris-
(pyrazolyl)borate (TpR,R′) anchored lanthanide(II) complexes. It
was shown that Sm(TpMe2)2 (1), despite its insolubility, undergoes
one-electron-transfer reactions with a variety of reagents yielding
soluble compounds which have proven amenable to structural
characterization.10,11 The compound is particularly suitable to
isolate a series of Sm(TpMe2)2L derivatives, where L is the radical
anionic form of the ligand (L) azobenzene, quinones, benzophe-
none, dioxygen).

However, despite the plethora of cyclopentadienyl-based
complexes and the emerging importance of the Tp-supported

lanthanides, mixed Tp/Cp derivatives are unknown. Here we wish
to report the synthesis of the first mixed Tp/Cp lanthanide
complex, Sm(TpMe2)2(Cp), and the subsequent, unprecedented
transformation of the Tp ligand on the samarium center.

Addition of TlCp to a slurry of Sm(TpMe2)2 in THF resulted in
immediate formation of a black precipitate of thallium metal and
a yellow solution. Concentration of the THF solution yielded
yellow crystals of Sm(TpMe2)2(Cp) (2) in ca. 65% yield. Although
the analytical data are consistent with the elemental composition,
the spectroscopic data clearly indicate different coordination
modes for the two TpMe2 ligands.12 Thus the 11B{1H} NMR
spectrum shows two signals at-5.23 and-6.98 ppm and there
are two B-H resonances in the1H NMR spectrum at 5.05 and
-4.10 ppm. Similarly, the infrared spectrum exhibits twoν(B-
H) stretching vibrations at 2565 and 2448 cm-1. The positions
of these IR bands are indicative of anη3- and anη2-coordinated
TpMe2 ligands,13a however, the difference in frequency is larger
than the literature values and suggests additional Sm-HB agostic
interaction in the latter ligand13b,c and this is further supported
by the unusually high field position of one of the B-H resonances.
Finally, the single1H NMR resonance at 9.94 ppm, accounting
for 5H, is in accord with anη5-Cp ligand. A single-crystal X-ray
study confirmed the bonding postulate.14 A view of the molecular
structure is shown in Figure 1. It is interesting that, although both
Tp and Cp ligands are known to exhibit variable coordination
modes, the preference here is for the Cp ligand to maintain its
symmetrical bonding to samarium. The spatial requirement for
this bonding mode is clearly too large to be accommodated by
the pocket made available in other Sm(η3-TpMe2)2L complexes,
and one of the TpMe2 ligands responds by pealing off one of its
pyrazolyl moieties. Apparently, the electronic demand of the Sm-
(III) center is such that it necessitates formation of a Sm-HB
agostic interaction also. Although the Sm-N(pz) distances are
similar to those found in other Sm(TpMe2)2L complexes, the Sm-
C(Cp) lengths are some 0.05 Å longer than in Sm(η5-Cp)3(THF),15

reflecting the more congested nature of2.
When compound2 was sealed in a tube under vacuum and

heated at 165°C overnight, the initial yellow powder transformed
into an intensely yellow colored crystalline solid. The1H NMR
spectrum of the solid indicated complete consumption of2 and,
its complexity, the presence of two new compounds in ap-
proximately equal amounts. Recrystallization of this solid from
a toluene/hexane mixture yielded yellow crystals (3). The structure
of 3 was established by single-crystal X-ray diffraction,16 while
the nature of the other compound present in the residue was
deduced as Sm(η3- TpMe2)2(η2-3,5-Me2pz) (4) by comparison of
its 1H NMR spectrum with that of an authentic sample.17
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An ORTEP view of3 is shown in Figure 2. The X-ray analysis
revealed that the Sm atom is surrounded by one intactη3-TpMe2

ligand and one uniquely modified ligand in which one of the
pyrazolyl moieties has been replaced by a C5H4 ring, attached to
boron via a B-C σ-bond (B(2)-C(3)), the result being formation
of the novel, dianionic hydrobis(3,5-dimethylpyrazolyl)(cyclo-
pentadienyl)borate ligand. The presence of the boratocyclopen-
tadienyl ring, with its B-C bond and simultaneous coordination
to samarium, results in a short Sm‚‚‚B(2) distance (3.26 Å),
compared to the Sm‚‚‚B(1) distance of 3.51 Å, and an unusually
short Sm-C(3) distance, 2.584(9) Å. The C5H4 group is unsym-
metrically bonded to the Sm atom with Sm-C bond lengths
ranging from 2.584(9) to 2.776(10) Å.18 We believe that the
asymmetry is not electronic in origin but that it is caused by the
constrained nature of the [HB(3,5-Me2pz)2(C5H4)] ligand which
leads to a slippage of the cyclopentadienyl ring of 0.235 Å,
computed in terms of the∆ parameter defined by Mingos et al.19

The molecule has approximatelyCs symmetry with a noncrys-
tallographic mirror plane passing through the B(1), Sm, B(2), and

C(3) atoms and the N(3)-containing pyrazolyl ring. This symmetry
is retained in solution as can be inferred from the1H NMR
spectrum, which shows three distinct sets of signals for the five
pyrazolyl rings in the ratio 1:2:2. The protons of the C5H4 ring
give rise to two resonances with an intensity ratio of 1:1.12

Although a balanced chemical equation for the reaction can
be easily written

the mechanism of the transformation remains speculative. Activa-
tion of the C-H bond of η5-cyclopentadienyl systems is well
precedented in the literature and has been considered as a plausible
pathway for the formation of dimeric,η5:η5-fulvalene- orη1:η5-
cyclopentadienyl-bridged compounds.20,21However, in the present
case, the absence of an oxidative addition pathway necessitates
consideration of a different mechanism, namely deprotonation of
the C5H5 moiety. Although direct deprotonation can be ruled out,
the requisite increase in C-H acidity can be achieved by
nucleophilic displacement of a pyrazolyl group from TpMe2 by
the cyclopentadienyl ligand and formation of a transient HB(3,5-
Me2pz)2(C5H5) ligand.22a Deprotonation of the latter by 3,5-
dimethylpyrazolide22b is further facilitated by reaction of the
liberated 3,5-dimethylpyrazole with2 to give4 and volatile CpH.23

Formation of3 and4 in approximately equal amounts is consistent
with this hypothesis. Indeed, in a control experiment we have
established that2 reacts with 3,5-dimethylpyrazole at room
temperature in THF to yield4 quantitatively.

In conclusion we have shown that the reactivity of Sm(TpMe2)2

is not restricted to flat, rod-like substrates but it may also
accommodate bulky multidentate ligands in its coordination sphere
due to the haptotropism of the TpMe2 ligand. More importantly,
the demonstration that thermally induced intramolecular C-H
activation in compound2 is a useful synthetic method for the
preparation of the new HB(3,5-Me2pz)2(C5H4) ligand opens the
way for the synthesis of an extended family of heteroscorpionates
with organic functional groups by the rational preassembly of
related ligand networks on samarium.24
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Figure 1. ORTEP diagram of Sm(η3-TpMe2)(η2-TpMe2)(η5-C5H5) (2), using
20% probability ellipsoids. Selected bond distances (Å) and angles
(deg): Sm-Nave 2.58(2) (range 2.541(6)-2.612(6)), Sm-Cave 2.79(2)
(range 2.763(8)-2.846(7)), N32-Sm-C5H5cent 161.5.

Figure 2. ORTEP diagram of Sm[HB(3,5-Me2pz)2(C5H4)](η3-TpMe2) (3),
using 30% probability ellipsoids. Selected bond distances (Å) and angles
(deg): Sm-Nave2.53(1) (range 2.511(8)-2.542(8)), Sm-C1 2.776(10),
Sm-C2 2.662(10), Sm-C3 2.584(9), Sm-C4 2.657(11), Sm-C5 2.766-
(10), B2-C3 1.595(14), N3-Sm-C5H4cent 172.3.

2Sm(TpMe2)2(Cp)98
∆

3 + 4 + CpH
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