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Summary: Zirconocene olefin complexes Cp2Zr(PPh2Me)-
(η2-RCHdCH2) (R ) H, Et, Ph) react rapidly with 2
equiv of [HB(C6F5)2]n to give the zwitterionic products
Cp2Zr{η3-[CH(R)CH2BH(C6F5)2]} (R ) H (2a), Et (2b),
Ph (2c)) and the borane-phosphine adduct Ph2MeP‚
HB(C6F5)2. Spectroscopic and structural evidence con-
firms an interaction between zirconium and the â-carbon
attached to boron, resulting in pentacoordinated carbon.

We recently reported1 the unusual complex 1, which
we isolated from the reaction of Cp2ZrMe2 and the
highly electrophilic borane [HB(C6F5)2]n.2 A recent

computational treatment of a model of 13 supported our
original intuitive picture of the molecule as consisting
of Cp2Zr2+ and the ligand [CH2{HB(C6F5)2}2]2-. Like
related BH4

- ligands, where electron density is concen-
trated on the more electronegative hydrogen atoms, the
chelating [CH2{HB(C6F5)2}2]2- donor has substantial
negative charge localization on the methylene carbon
which is stabilized by donation to the σ-acceptor 2a1
orbital4 of the metallocene fragment, resulting in a close
contact between the zirconium center and a pentacoor-
dinate carbon atom. Our serendipitous discovery of 1
prompted us to search more rationally for other ex-
amples of this class of hypercarbon with a view toward
obtaining a better understanding of cation-anion inter-
actions in catalytically active zwitterionic compounds.5
The reaction of the borane [HB(C6F5)2]n with zirconocene
olefin complexes proved a successful strategy for this
purpose.6

The zirconocene ethylene, 1-butene and styrene com-
plexes Cp2Zr(η2-RCHdCH2) were prepared as described
in the literature7 and trapped with diphenylmeth-
ylphosphine; exo isomers for R ) Et, Ph were obtained
exclusively. In each case, when these complexes were
treated with 2 equiv of [HB(C6F5)2]n, a rapid reaction
ensued, as indicated by red-orange to yellow color
changes. In addition to the zwitterionic zirconium-
containing products Cp2Zr{η3-[CH(R)CH2BH(C6F5)2]} (R
) H (2a), Et (2b), Ph (2c)), 1 equiv of the borane-
phosphine adduct Ph2MeP‚HB(C6F5)2 (identified by its
separate synthesis) was produced (Scheme 1). The
choice of this phosphine imparted optimal solubility
properties on the adduct byproduct for separation from
2a-c; even so, in the case of 2a and 2c, this adduct
could not be completely removed via fractional crystal-
lization (see Supporting Information). Thus, 1 equiv of
[HB(C6F5)2]n is required to remove the stabilizing phos-
phine, allowing the second equivalent of borane to react
with the base-free zirconacyclopropane.8 This second
step must be rapid relative to the first, since reactions
of Cp2Zr(η2-C2H4)(PPh2Me) with just 1 equiv of borane
gave a 1:1:1 mixture of starting material, 2a, and Ph2-
MeP‚HB(C6F5)2.9

Compounds 2a-c were fully characterized via multi-
nuclear NMR techniques.10 11B and 19F NMR spectra
confirmed the incorporation of a B(C6F5)2 unit, and the
chemical shifts of the resonances in the 11B NMR
spectra (2.0, -1.5, and 0.4 ppm) appeared between the
spectral ranges associated with neutral (ca. 0-20 ppm)
and anionic (ca. -20 to 0 ppm) tetracoordinate boron.11
Although somewhat broadened by the quadrupolar
boron nuclei, proton NMR spectra indicated the olefinic
fragment was intact but did not imply the presence or
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Binger, P.; Sandmeyer, F.; Krüger, C.; Erker, G. Tetrahedron 1995,
51, 4277. (c) Erker, G. Comments Inorg. Chem. 1992, 13, 111. (d)
Gleiter, R.; Hyla-Kryspin, I.; Niu, S.; Erker, G. Angew. Chem., Int. Ed.
Engl. 1993, 105, 753.

(7) Takahashi, T.; Murakami, M.; Kunishige, M.; Saburi, M.; Uchida,
Y.; Kozawa, K.; Uchida, T.; Swanson, D. R.; Negishi, E. Chem. Lett.
1989, 761.

(8) (a) Similar chemistry is proposed to occur when the less
electrophilic catecholborane (HBcat) is reacted with olefin complexes
of Cp2Ti,8b but quite different chemistry occurs in analogous reactions
of Cp*2Ti(η2-C2H4)8c with the same borane. (b) He, X.; Hartwig, J. F.
J. Am. Chem. Soc. 1996, 118, 1696. (c) Motry, D. H.; Smith, M. R., III.
J. Am. Chem. Soc. 1995, 117, 6615.

(9) Complex 2a reacts reversibly with a further equivalent of [HB-
(C6F5)2]n to produce, intially, the seven-membered heterocycle-contain-
ing species Cp2Zr[HB(C6F5)2CH2CH2B(C6F5)2H]. This material decom-
poses thermally to yield a variety of products, including 2a, the
previously identified bis(borate) complex Cp2Zr[H2B(C6F5)2]2,1 and CH3-
CH2B(C6F5)2. We do not yet fully understand this decomposition
process, particularly the origin of CH3CH2B(C6F5)2.

4110 Organometallics 1996, 15, 4110-4112

S0276-7333(96)00422-0 CCC: $12 00 © 1996 American Chemical Society

+ +
D

ow
nl

oa
de

d 
by

 C
A

R
L

I 
C

O
N

SO
R

T
IU

M
 o

n 
Ju

ne
 3

0,
 2

00
9

Pu
bl

is
he

d 
on

 O
ct

ob
er

 1
, 1

99
6 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

96
04

22
a



absence of an interaction between Câ and zirconium.
The best spectral evidence in support of a Zr-Câ contact
was furnished by HMQC experiments,12 which showed
high-field 13C chemical shifts of -6.0, 1.6, and 0.4 ppm
for the â-carbons of 2a-c, respectively. These data are
similar to the value of δ 0.5 ppm found for the penta-
coordinate methylene carbon of 1 and are markedly
different from the shifts of between 25 and 35 ppm
typically observed for the carbons bonded to boron in
RCH2B(C6F5)2.7
The spectroscopic evidence in favor of close contact

between Zr and Câ was augmented by an X-ray struc-
tural analysis of 2a.13 An ORTEP diagram, along with
selected metrical data, is given in Figure 1. The Zr-
C(12) distance of 2.455(7) Å, while slightly longer than
the Zr-C length of 2.419(4) Å found for 1, is clearly
within bonding range for these two nuclei.14 As in 1,

the pentacoordinated carbon atom occupies the central
position of the metallocene wedge, allowing for direct
interaction with the 2a1 σ-acceptor orbital on zirconium;
however, in 2a the bond is weaker because the carbon
is bonded to only one σ-donating borate group. The
closely related complex [Cp2ZrCH2CH(AlEt2)2]+[Cp]-
reported in the 1970s by Kaminsky and co-workers also
contained a short Zr-Câ contact of 2.39 Å.15,16
The geometry about C(12) is highly distorted from an

ideal trigonal bipyramid, as demonstrated by the non-
linear B-C(12)-C(11) angle of 129.1(5)°. The closing
of this angle (from a B-C-B angle of 149.3(4)° in 1) is
a consequence of having the smaller C(11) methylene
unit spanning the Zr-C(12) linkage as opposed to a
B-H moiety, as in 1. C(12), the hydrogens attached to
it (refined isotropically), and the zirconium atom are
coplanar (sum of the angles 359.7°), but these atoms do
not form an ideal trigonal plane about C(12) (see caption
to Figure 1). Whereas the Zr, C(12), B, and H(15) atoms
are close to being coplanar (the RMS deviation from the
plane is 0.078 Å), C(11) dips out of the equatorial plane
bisecting the Cp rings.
This structure, if static, would result in four separate

signals in the 1H NMR spectrum for the protons of the
ethylene fragment; however, the methylene hydrogens
on CR and Câ in 2a were equivalent in the room-
temperature 1H NMR spectrum (as were the protons of
the Cp ligands). When the temperature was lowered
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1988, 356, C83. (c) Hunter, W. E.; Hrncir, D. C.; Vann Bynum, R.;
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(16) The complex [Cp′2Zr(THF)CH2CH2SiMe3]+[BPh4]- also has a
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Scheme 1

Figure 1. ORTEP diagram of 2a (50% probability).
Selected bond distances (Å): Zr-C(11), 2.193(7); Zr-C(12),
2.455(7); B-C(12), 1.689(9); B-H(15), 1.20(5); Zr-H(15),
2.01(4); Zr-Cpcent, 2.20, 2.19. Selected bond angles (deg):
Zr-C(11)-C(12), 80.4(4); C(11)-C(12)-B, 129.1(5); C(12)-
B-H(15), 113(2); B-H(15)-Zr, 104(2); H(15)-Zr-C(11),
101(1); Zr-C(12)-H(14), 107(3); Zr-C(12)-H(13), 148(3);
Zr-C(12)-C(11), 61.7(3); Zr-C(12)-B, 74.6(3); Cpcent-Zr-
Cpcent, 130.8.
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to -80 °C, the spectrum remained unchanged, save for
normal viscosity broadening effects. The puckered five-
membered ring therefore must be undergoing facile
inversion through a planar intermediate as depicted in
Scheme 2, to average the diastereotopic methylene
hydrogen and Cp environments of the solid-state struc-
ture.
In conclusion, the cationic zirconiun center is stabi-

lized by both the bridging hydrogen and the â-carbon
atoms attached to the anionic borate counterion at the
end of the alkyl group in complexes 2a-c. Our studies

on this chemically intriguing class of compounds, in-
cluding their olefin chemistry, are continuing.
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