ORGANOMETALL

Volume 24, Number 13, June 20, 2005

(J
P

© Copyright 2005
American Chemical Society

Communications

A New Synthetic Route to High-Valent Half-Sandwich
Group 4 Metallacarborane Alkyls. Synthesis and

Structural Characterization of
[1]1:1]6-(MezNCHchz)CzBloHll]Hf(CstiMeg)z

Mak-Shuen Cheung,” Hoi-Shan Chan,” and Zuowei Xie*:"*

Department of Chemistry, The Chinese University of Hong Kong, Shatin, New Territories,
Hong Kong, China, and State Key Laboratory of Elemento-Organic Chemistry,
Nankai University, Tianjin, China

Received April 15, 2005

Summary: A half-sandwich group 4 metallacarborane
alkyl was prepared and structurally characterized for
the first time via an alkane elimination reaction of Hf-
(CH2SiMes); with the zwitterionic salt MesNHCHo-
CH:CsBjoH12. This method avoids using the strong
reducing agents [nido-ReCeBioHo]Ms (M = group 1
metal) as starting materials, which allows the synthesis
of high-valent group 4 metallacarboranes of the C2Bjg
system.

Group 4 metallacarboranes of the CoBs and C2Bg
systems have been extensively investigated.! A series
of full- and half-sandwich complexes have been prepared
and structurally characterized, in which group 4 metals
are usually 7° bound to the open CyB3 pentagonal
bonding face.?? In sharp contrast, the chemistry of
group 4 metallacarboranes of the C2B1o system is highly
limited due to the strong reducing power of nido-
R2CsB1oH102™ dianions, which can readily reduce M(IV)
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to M(II).4% It is clear that the high-valent group 4
metallacarboranes involving an n®-carboranyl ligand
cannot be prepared by conventional salt metathesis
methods. The recently developed redox methodology for
the synthesis of [17°:17%:0-MepSi(CoHg)(C2B10H10CHoNMe)]-
Zr(NC5H5) is not applicable to prepare half-sandwich
group 4 metallacarboranes bearing an 7®-carboranyl
ligand.® Therefore, a new methodology is definitely
desirable.

On the other hand, it has been documented that the
alkane elimination reaction of CoBgH;3 with Cp*M-
(CHj3)s (Cp* = Cs5Mes) is a very effective method for the
preparation of mixed-sandwich group 4 metallacarbo-
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rane alkyl complexes.32 We wondered if such an alkane
elimination methodology could be applied to the C2B1g
ligand system. Although the neutral acids of RoC2B1oH1s
are unknown, their deprotonated forms ReCoBioHi1™
have been well characterized.”® It is anticipated
that only the kinetic isomers of ReC2B19H1:~ containing
a bridging hydrogen atom are capable of reacting
with neutral metal alkyls. In view of the coordination
ability and Lewis basicity of the appended amine in
the MesNCH2CoBgH 1% ligand,3%! 1-MeoNCHoCHp-1,2-
C2B1oH11°? was chosen as the starting material. We
report in this communication the synthesis and struc-
tural characterization of the first half-sandwich group
4 metallacarborane alkyl complex.

Treatment of l-MegNCHchQ-1,2-CQB10H11 with ex-
cess finely cut Na metal in THF gave, after removal of
Na by ﬁltration, [(MezNCHQCHz)CzBloHH]Naz(THF)x,
followed by reaction with 2 equiv of MesNHCI in THF
at —30 °C to afford the kinetic product 1-Me2:NHCH,-
CH2-1,3-C2B1oH12 (1) in 92% yield.1® The 'H and 3C
NMR spectra supported the presence of the Meo;NHCHs-
CH,;, group. Its 1B NMR spectrum exhibited a 1:1:1:2:
1:1:1:1:1 splitting pattern, which changed to a 2:1:1:2:
2:2 pattern after heating at 80 °C for 5 h. This result
suggested that 1 is the kinetic product.”8 Compound 1
is a zwitterionic salt containing two acidic protons, one
from the appended CHoCHsNHMe; unit and the other
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from the open six-membered C3B4 face. Treatment of 1
with 1 equiv of Hf{CHySiMes)s!! in toluene at room
temperature gave, after recrystallization from toluene,
[171ZnG-(MGQNCHQCHQ)CQBloHu]Hf(CstiMe3)2 (2) in 30%
isolated yield (Scheme 1).12 It is noteworthy that the
corresponding zirconium analogue was not isolable, due
to low thermal stability. Complex 2 was extremely air-
and moisture-sensitive but was stable for days under
an inert atmosphere in the solid state.

Complex 2 was fully characterized by 'H, 13C, and 1B
NMR spectroscopy and elemental analyses.!? Its mo-
lecular structure was further confirmed by single-crystal
X-ray diffraction studies.!® The Hf atom is 7% bound to
the open C2B4 bonding face of a nido-carboranyl ligand,
o bound to two CH2SiMes units, and coordinated to the
nitrogen atom of the side arm in a three-legged piano-
stool geometry, as shown in Figure 1. The Hf—cage atom
distances range from 2.489(4) to 2.732(5) A with an
average value of 2.602(5) A, indicating a highly asym-
metrical 7% bonding. Such a slip distortion may result
from the intramolecular coordination of the functional
side arm. As expected, this measured value is much
longer than the average Hf—cage atom distances ob-
served in the CyBy system due to the larger bonding
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Figure 1. Molecular structure of [51:75-(MesNCH2CHy)-
C9B1oH11JHf(CHsSiMe3)s (2). Selected bond distances (A)
and angles (deg): Hf(1)-C(1) = 2.489(4), Hf{1)—B(2) =
2.705(5), Hf(1)—C(3) = 2.674(4), Hf(1)—B(4) = 2.418(5), Hf-
(1)—-B(5) = 2.593(5), Hf(1)—B(6) = 2.732(5), Hf(1)-N(1) =
2.340(4), Hf(1)—C(15) = 2.173(4), Hf(1)—C(19) = 2.163(5);
Si(1)—C(15)—Hf(1) = 130.7(2), Si(2)—C(19)—Hf(1) = 141.7-
(3), C(15)—Hf(1)—N(1) = 92.8(1), C(19)—Hf(1)—N(1) = 95.7-
(2), C(15)—Hf(1)—C(19) 105.2(2).

face: for example, 2.505(5) A in [Cp*(C2BoH11)HfMe], 3¢
and 2516(10) A il’l (Cp*)(7]5-CQB9H11)Hf(/l-775:Ul-CZBngo)-
Hf(Cp*)(H),3f but is close to the average Zr—cage atom
distance of 2.623(5) A found in [;%:77%:0-MesSi(CoHs)-
(CQB10H1()CH2NMe)]ZI‘(NC5H5)6 if the difference, 0.02 A,
between Shannon’s ionic radiil4 of Zr(IV) and Hf(IV) is
taken into account. The Hf—C o bond distances of 2.173-
(4) and 2.163(5) A with an average value of 2.168(5) A
compare to the average Hf—C distances of 2.261(12) A

(14) Shannon, R. D. Acta Crystallogr. 1976, A32, 751.
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in (023H28N4-4,5)Hf(CHzSiMe3)2,153 23?}1(16) A in (Cgo-
H22N4-3,3)Hf(CHQSiMeg)2,15a %316(8) A in szHf(CHz-
CMes)(PMes),'%" and 2.255(1) A in CpsH{ CH;CHCPh=
CPh).15¢

In summary, the alkane elimination reaction of Hf-
(CH2SiMes), with the zwitterionic salt 1-MesNHCHs-
CH2-1,3-CoB1gH12 (1) resulted in the isolation and
structural characterization of the first example of half-
sandwich group 4 metallacarborane alkyls of the C2B1g
system. The advantages of using 1 as a reagent are as
follows: (1) to avoid redox reactions, facilitating the
formation of high-valent group 4 metallacarboranes, (2)
to stabilize the resultant metal alkyl complexes via the
intramolecular coordination, and (3) to provide the
second acidic proton. This is also a new route to high-
valent group 4 metallacarboranes.
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