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The compound B(C6F5)3 and its variations have been
widely employed as alkyl carbanion abstracting reagents to
produce metallocene cations for olefin polymerization.1-3

Weakly coordinating anions containing boron can greatly
improve the activity of metallocene catalysts used in
industrial olefin polymerization4 and thus group IV and V
metallocene complexes of the organohydroborate anions
have been intensively investigated.5 Recently, many organo-
hydroborate metallocene complexes have been reported by
Shore and co-workers.6-8 A common structural feature of
those complexes is the three-center two electron M-H-B
bond, like that observed in transition metal tetrahydroborate
complexes but the reactivity and fluxional behavior of
organohydroborate complexes are unlike those of the tetra-
hydroborate analogues.6 Although many of those metallo-
cenes have been synthesized, few complexes could be used
in the olefin polymerization and then this laboratory has
been involved in the chemistry of the cyclic organohydro-
borate anions, and their group IV metallocene derivatives for
the catalyst.9 

Described here is recent work that led to the preparation of
a novel cyclic organohydroborate hafnocene complex (η5-
C5H5)2Hf{(µ-H)2BC8H14}Cl. The hafnocene complex con-
tains the three-center two electron bond Hf-H-B10 in which
the hydride abstraction for olefin polymerization may occur.

Experimental Section

General Procedures. All operations were carried out on a
standard high vacuum line or in a drybox under a nitrogen
atmosphere. Diethyl ether, THF, hexane, and toluene were
dried over sodium-benzophenone, distilled, and stored in a
sealed flask. (η5-C5H5)2HfCl2 and (µ-H)2(BC8H14)2 (9-BBN
dimer) were purchased from Aldrich and used as received.
Potassium hydride (35% dispersion in mineral oil) was
purchased from Aldrich and was washed with hexane prior
to use. K[H2BC8H14] was prepared by literature procedure.11

NMR spectra were recorded on a Bruker AM-250 NMR
spectrometer. 1H NMR spectra were obtained at 250.11
MHz, and referenced to residual solvent protons. 11B NMR
spectra were obtained at 80.3 MHz, and externally refer-
enced to BF3OEt2 in C6D6 (δ = 0.00 ppm). Infrared spectra
were recorded on a Mattson Polaris Fourier Transform

Spectrometer with 2 cm−1 resolution. 
X-Ray Structural Determination. Single crystal X-ray

diffraction data were collected on an Enraf-Nonius Kappa
CCD diffraction system, which employs graphite mono-
chromated Mo Kα radiation (λ = 0.71073 Å). A single
crystal of (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl was mounted on
the tip of a glass fiber coated with Fomblin oil (pentafluoro-
polyether), and crystallographic data were collected at −123
oC. Unit cell parameters were obtained by indexing the
peaks in the first 10 frames and refined employing the whole
data set. All frames were integrated and corrected for
Lorentz and polarization effects using the Denzo-SMN
package (Nonius BV, 1999).12 The empirical absorption
correction was applied with the SORTAV program13 provid-
ed by MaXus software.14 The structure was solved by direct
methods and refined using SHELXL-97 (difference electron
density calculations and full matrix least-squares refine-
ments) structure solution package.15 Data merging was per-
formed using the the data preparation program supplied by
SHELXTL-97. The hydrogen atoms of Cp rings and bridge
hydrogen atoms were located and refined isotropically. All
other hydrogen atoms were calculated and fixed during the
refinement. 

Preparation of (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl. In the
drybox a solution of K[H2BC8H14] (2.0 mmol in 15 mL of
diethyl ether) was added dropwise to 759 mg (2.0 mmol) of
(η5-C5H5)2HfCl2 dissolved in 20 mL of diethyl ether. The
solution was stirred overnight at room temperature. The KCl
was removed by filtration and a white solid was obtained
upon removal of the solvent under dynamic vacuum. The
solid was redissolved in toluene for crystallization. 642 mg
(69% yield) of (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl was obtain-
ed. 1H NMR (C6D6, 30 oC) 5.86 (s), 2.16-1.41 (br m), 0.52
(br s) ppm; 11B NMR (C6D6, 30 oC) 33.29 (br s) ppm; IR
(KBr) 2916 (s), 2888 (s), 2834 (s), 1657 (w), 1444 (s), 1384
(m), 1325 (m), 1283 (s), 1260 (vs), 1199 (s), 1163 (m), 1197
(s), 1020 (vs), 953 (m), 886 (m), 870 (m), 799 (vs), 744 (s)
cm−1. 

Reaction of (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl with

K[(µ-H)2BC8H14]. (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl (1.0
mmol, 465 mg), K[H2BC8H14] (1.0 mmol), and a stir bar
were added to a 50 mL flask in th drybox. After degassing,
25 mL of diethyl ether was transferred into the flask at −78
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oC. The flask was warmed to room temperature and the

content was stirred overnight. The KCl was removed by

filtration and a white solid was obtained upon removal of the

solvent under dynamic vacuum. 336 mg (61% yield) of (η5-

C5H5)2Hf{(µ-H)2BC8H14}2 was obtained. 1H NMR (C6D6,

30 oC) 5.56 (s), 2.11-1.43 (br m), −2.56 (br s), −3.37 (br s)

ppm; 11B NMR (C6D6, 30 oC) 27.26 (br s) ppm; IR (KBr)

2981 (m), 2914 (vs), 2870 (vs), 2841 (vs), 2025 (m), 1660

(m), 1470 (m), 1435 (s), 1410 (s), 1315 (s), 1205 (m), 1043

(m), 818 (vs) cm−1.

Results and Discussion

The cyclic organohydroborate hafnocene complex (η5-

C5H5)2Hf{(µ-H)2BC8H14}Cl was obtained in the reaction of

a 1 : 1 molar ratio of (η5-C5H5)2HfCl2 with K[(µ-H)2BC8H14]

at room temperature in diethyl ether (eq. 1). The hafnocene

complex has a double hydrogen-bridged bidentate cyclic

organohydroborate ligand. The reaction of the hafnocene

complex (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl with K[(µ-H)2-

BC8H14] at room temperature in diethyl ether produced the

cyclic organohydroborate hafnocene complex (η5-C5H5)2-

Hf{(µ-H)2BC8H14}2 which was earlier reported.9(b) 

(η5-C5H5)2HfCl2 + K[(µ-H)2BC8H14]  

(η5-C5H5)2Hf{(µ-H)2BC8H14}Cl + KCl (1)

The molecular structure of the hafnocene complex was

determined from a single crystal X-ray diffraction analysis.

Crystallographic data and the selected bond distances and

bond angles are provided in Table 1 and 2, respectively. The

molecular structure is depicted in Figure 1. The structure of

the complex consists of (η5-C5H5)2HfCl fragment bound to a

bidentate cyclic organohydroborate ligand (µ-H)2BC8H14

group through two bridging hydrogens. The coordination

geometry around the metal in the complex can be described

as a distorted tetrahedron consisting of a coordination sphere

of B, Cl, and the centroids of the two Cp rings at the corners

of the tetrahedron. In this complex, the hafnium is associated

with 18 valence electrons. There are two independent

molecules in the asymmetric unit cell of the complex. As

Figure 1. Molecular structure of (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl
with 50% probability thermal ellipsoids. Hydrogens attached to
carbon atoms are omitted for clarity. 

 

Table 1. Crystallographic data for (η5-C5H5)2Hf{(µ-H)2BC8H14}Cl 

Empirical formula C18H26BClHf

Formula weight 467.14

Temperature 150(2) K

Crystal system monoclinic

Space group P21/c

a, Å 18.720(2)

b, Å 13.753(1)

c, Å 13.273(1)

β, deg 92.377(4)

V, Å3 3414.3(5) 

Z 8

Density (calcd, g/cm3) 1.818

µ, mm−1 6.258 

2θ range (deg) 2.18 to 27.50 

No. of reflns collected 68564

No. of ind reflns 7832 

Data/restraints/params 7832/0/451

R1[I > 2σ(I)]a 0.0279

wR2(all data)b 0.0407 

Goodness of fit on F 2 0.973 
a
R1 = Σ||Fo|−|Fc||/Σ|Fo|. 

bwR2 = {Σw(Fo
2−Fc

2)2/Σw(Fo
2)2}1/2.

Table 2. Selected Bond Distances and Angles for (η5-C5H5)2-
Hf{(µ-H)2BC8H14}Cla

Bond Distances (Å) A B

Hf-Cpcentroid(C1-C5) 2.180(2) 2.182(2)

Hf-Cpcentroid(C6-C10) 2.181(2) 2.184(2)

Hf-Cl 2.4881(8) 2.4776(9) 

Hf-B 2.574(4) 2.567(4) 

Hf-H1 2.00(3) 2.09(3)

Hf-H2 2.10(3) 2.02(3) 

B-H1 1.23(3) 1.17(3) 

B-H2 1.18(3) 1.25(3)

B-C11 1.601(5) 1.612(6) 

B-C15 1.607(5) 1.590(5) 

Bond Angles (deg)

Cpcentroid-Hf-Cpcentroid 130.01(7) 130.23(7)

Cpcentroid(C1-C5)-Hf-B 106.4(1) 106.3(1)

Cpcentroid(C6-C10)-Hf-B 107.3(1) 107.3(1)

Cpcentroid(C1-C5)-Hf-Cl 104.82(5) 103.23(7)

Cpcentroid(C6-C10)-Hf-Cl 103.85(5) 104.43(5)

B-Hf-C1 100.76(9) 101.13(1)

B-Hf-H1 27.9(8) 26.7(8)

B-Hf-H2 26.9(7) 28.6(8)

C1-Hf-H1 128.7(8) 129.7(8) 

C1-Hf-H2 74.1(8) 74.6(8)

H1-Hf-H2 54.7(10) 55.2(11)

Hf-B-H1 49.3(13) 53.2(14) 

Hf-B-H2 53.8(13) 50.6(13)

H1-B-H2 102.8(1) 103.7(1)
aThere are two unique molecules (A & B) in the asymmetric unit cell of
(η5-C5H5)2Hf{(µ-H)2BC8H14}Cl.



Notes Bull. Korean Chem. Soc. 2006, Vol. 27, No. 5     761

shown in Table 2, the selected bond distances and bond
angles of the molecule A are in accord with those of the
molecule B. For the molecule A, the Cpcentroid-Hf-Cpcentroid,
Cpcentroid(C1-C5)-Hf-B, Cpcentroid(C1-C5)-Hf-Cl, and B-Hf-Cl angles
are 130.01(7), 106.4(1), 104.82(5), and 100.76(9), respec-
tively. These angles are generally in agreement with those
observed for (η5-C5H5)2Zr{(µ-H)2BC8H14}Cl.6(b) The Hf-B
distance of 2.574(4) and the Hf-Cpcentroid(C1-C5) distance of
2.180(2) are consistent with other systems with bidentate
Hf-H-B bridges.9 The bridge hydrogens of Hf-H-B bonds
were located and the position and isotropic thermal para-
meters were refined. Hf-H1, Hf-H2, B-H1, and B-H2 di-
stances are 2.00(3), 2.10(3), 1.23(3), and 1.18(3) Å, respec-
tively. Hf-B-H1, Hf-B-H2, H1-Hf-H2, H1-B-H2, Cl-Hf-H1,
and Cl-Hf-H2 angles are 49.3(13), 53.8(13), 54.7(10),
102.8(1), 128.7(8), and 74.1(8), respectively. These distances
and angles are comparable to those of previously reported
hafnocene and zirconocene systems with bidentate Hf-H-B
bridges.6,9 

The 1H and 11B NMR spectra of the hafnocene complex
are in accord with the solid-state structure determined by the
single crystal X-ray analysis. This organohydroborate hafno-
cene complex has a four-membered Hf(µ-H)2B ring
consisting of the electron-deficient three-center two electron
bond Hf-H-B.16 The NMR spectra indicate the formation of
the Hf-H-B bridge. The 11B resonance is a broad singlet at
33.29 ppm which narrows upon proton decoupling. This is
indicative of the presence of Hf-H-B bridge. This resonance
is is further downfield from the signal at −15.9 ppm
produced by the parent salt, K[(µ-H)2BC8H14] but is a
typical chemical shift of the boron atom of the electron
deficient bridge in the organohydroborate transition metal
complex.17 The 1H NMR spectrum shows a broad signal at
0.52 ppm that falls within the range observed for the
bridging hydrogen of other organohydroborate early transi-
tion metallocene complex with d0 configuration.18 The
proton resonance appears as a broad signal since the hydro-
gen is bonded to the quadrupolar boron nucleus and thus the
signal is assigned to the Hf-H-B bridging hydrogen.19,20 

Supplementary material. Crystallographic data for
structural analysis have been deposited with the Cambridge
Crystallographic Data Center (CCDC No. 268201). Copy of
this information may be obtained free of charge from The
Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(Fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or
www: http://www.ccdc.cam.ac.uk).
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