
Chapter 2
Nickel-1,2-o-Carboryne Complexes

2.1 Introduction

1,2-o-Carboryne (1,2-dehydro-o-carborane), which was first reported as a reactive
intermediate in 1990 [1], is very energetically comparable with its two-dimensional
relative benzyne [2]. Reactivity studies also showed that they are quite similar in
reactions with unsaturated molecules [3–9].

Like benzyne, carboryne can be trapped and stabilized by transition metals.
The reaction of organozirconium dichloride with 1 equiv of Li2C2B10H10 or
treatment of (g2-C2B10H10) ZrCl2(THF)3 with anionic ligands can give a class of
zirconium-1,2-o-carboryne complexes [10]. Molecular orbital calculations sug-
gested that the bonding interactions between Zr and 1,2-o-carboryne are best
described as a resonance hybrid of both Zr–C r and Zr–C p bonding forms which
is similar to that observed in Zr-benzyne complex [11]. For late transition metals,
salt metathesis is also a good method for the synthesis of metal-1,2-o-carboryne
complexes by reaction of MCl2 (M = Ni, Pd, Pt, Co) with Li2C2B10H10 [12–14].
A series of Ni-1,2-o-carboryne was recently prepared in our group by the reaction
of phosphine ligated nickel halide. The C(cage)–C(cage) bonds in these complexes
are much shorter than those in Zr-1,2-o-carboryne complexes [10]. The reactivity
studies on (g2-C2B10H10)Ni(PPh3)2 show that the coordinated PPh3 molecules are
labile, which can be substituted by other phosphines such as PCy3, P(OEt)Ph2,
and P(OEt)3 to give (g2-C2B10H10)Ni(PPh3)(PCy3), (g2-C2B10H10)Ni[P(OEt)Ph2]2,
and (g2-C2B10H10)Ni[P(OEt)3]2, respectively with quantitative conversion.

Our earlier investigation on the B-substituted carborane has revealed that the
substituent on carborane plays an important role for the formation of these late
transition metal complexes. The reactions of Li2C2B10Me8H2 with (PPh3)2NiCl2
or (dppe)NiCl2 gave redox reaction products (r-C2B10Me8H3)Ni(PPh3)2 or
(g2-C2B10Me8H2)Ni(l-r:r:g2-dppen)Ni(dppe), whereas the complete redox reac-
tion took place for the reactions with (PPh3)2PdCl2 and (PPh3)2PtCl2. In view of
the very rich and exciting chemistry of nickel-benzyne complexes [15–19], we
are interested in further exploring the nickel-1,2-o-carboryne complexes with
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substituents on the cage boron. In this section we will describe the synthesis and
structure of these B-substituted nickel-1,2-o-carboryne complexes.

2.2 Synthesis and Structure of B-Substituted
Nickel-1,2-o-Carboryne Complexes

Treatment of 9-I-1,2-C2B10H11 and 9,12-I2-1,2-C2B10H11 with 2 equiv of n-BuLi
in THF at 0 �C, followed by reaction with 1 equiv of (PPh3)2NiCl2 in THF at the
temperatures -30 �C to room temperature gave (g2-9-I-1,2-C2B10H9)Ni(PPh3)2

(II-1) as a yellow solid or (g2-9,12-I2-1,2-C2B10H8)Ni(PPh3)2 (II-2) as yellow
crystals in 55 or 72% isolated yield, respectively (Scheme 2.1).

Under the same conditions, the product from the reaction of 3-bromo-1,
2-dilithio-o-carborane with 1 equiv of (PPh3)2NiCl2 was not stable and decom-
posed to generate 3-Br-1,2-C2B10H11 and Ni(0) species. However, the less bulky
and more electron-donating ligand of PMe3 can stabilize this Ni-1,2-o-carboryne
complex and (g2-3-Br-1,2-C2B10H9)Ni(PMe3)2 (II-3) can be synthesized as yellow
crystals in 31% isolated yield from the interaction of 3-bromo-1,2-dilithio-o-car-
borane with 1 equiv of (Me3P)2NiCl2 in THF at the temperatures -30 �C to room
temperature (Scheme 2.1).

Similarly, complexes (g2-3-C6H5-1,2-C2B10H9)Ni(PMe3)2 (II-4) and (g2-3-
C6H5-1,2-C2B10H9)Ni(PPh3)2 (II-5) can be isolated as yellow or orange crystals in
42 or 76% isolated yields by the reaction of 3-phenyl-1,2-dilithio-o-carborane with
1 equiv of (Me3P)2NiCl2 or (Ph3P)2NiCl2 in THF, respectively.

In the case of 4,5,7,8,9,10,11,12-octamethyl-o-carborane, neither PPh3 nor PMe3

can efficiently stabilize the corresponding Ni-1,2-o-carboryne species, leading to a
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Scheme 2.1 Synthesis of B-substituted 1,2-o-Carboryne-Ni complexes
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mixture of products. A few brown X-ray-quality-crystals of (g2-4,5,7,8,9,10,11,
12-Me8-C2B10H2)Ni(PMe3)2 (II-6) was obtained from toluene solution at room
temperature during the recrystallization of the product.

Complexes II-1–4 are sensitive to moisture and air whereas II-5 is air- and
moisture-stable, both in the solid-state and in solution. Interestingly, II-5 is very
thermally stable even in refluxing THF. However, heating the THF solution of
II-1–4 can lead to a decomposition, generating neutral carboranes and Ni(0)
species. It’s believed that both the interaction between phenyl ring and metal
center and the sterically demanding PPh3 ligand have contributed to the excep-
tional stability of this complex. Complexes II-1–5 are slightly soluble in ether and
toluene and highly soluble in THF. They were fully characterized by various
spectrometric methods and elemental analyses.

The 1H and 13C NMR spectra of II-1–5, which only display the signals of PPh3

or PMe3 ligand, do not give much information on the solution structures. The cage
carbons were not observed for II-1–5. The 11B{1H} NMR spectra display a 3:6:1,
2:6:2, 1:1:2:2:2:2, 2:1:3:4, and 1:1:1:2:5 pattern for II-1, II-2, II-3, II-4, and II-5
respectively. One singlet at *22 ppm corresponding to BI vertex can be observed
for II-1 and II-2. The BBr signal of II-3 is overlapped with other BH signals at
-10 to -14 ppm. In the 11B NMR spectra of II-4 and II-5, the BPh signal can be
observed as a singlet at -3 ppm. The 31P NMR spectra show one singlet at
*30 ppm for PPh3 ligand in II-1,2,5 or one singlet at *-9 ppm for PMe3 ligand
in II-3,4.

The B–H���M interactions in late transition-metal complexes usually lead to a
significantly reduced JBH value, a very deshielded 11B signal, and a very high-field
1H resonance [20–24]. It is noted that there is no significant high-field 1H signal
and low-field 11B signal observed in the 1H and 11B NMR spectra of II-1–5. The
IR spectra (KBr) exhibited one very strong and broad stretching band mB–H at about
2570 cm-1 for II-1–3, whereas that of II-4 and II-5 showed two mB–H bands at
2550 and 2530 cm-1 (II-4)/2510 cm-1 (II-5).

The solid-state structures of II-2–6 were further confirmed by single-crystal
X-ray analyses. As shown in Figs. 2.1, 2.2, 2.3, 2.4, 2.5, complexes II-2–6 have
similar coordination geometries, which contain a three-membered ring formed
through two Ni–C(cage) bonds and the coordination plane about the nickel atom is
essentially planar. There are two crystallographically independent molecules
in the unit cell of II-5. Figure 2.4 shows its representative structure. Selected bond
distances and angles around the metal centers are listed in Table 2.1 for comparison.

The C(cage)–C(cage) bond distances (1.55–1.57 Å) are close to each other for
II-2,3,4,6 and similar with those observed in the Ni-1,2-o-carboryne complexes
[1.556(5) Å in (g2-C2B10H10)Ni(PPh3)2, 1.576(6) Å in (g2-C2B10Me8H2)Ni(l-
r:r:g2-dppen)Ni(dppe), 1.551(4) Å in (g2-C2B10H10)Ni(PPh3)(PCy3), 1.553(6) Å
and 1.561(5) Å in (g2-C2B10H10)Ni(dppe)], which is much shorter than that of 1.63
Å found in o-carborane. The large steric effect results in the shorter C(cage)–
C(cage) bond distances of 1.523(3) Å in II-5. It is noteworthy that, since all B–H
hydrogen atoms are in calculated positions, a detailed discussion of the B–H
distances is not warranted.
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Fig. 2.2 Molecular structure
of (g2-3-Br-1,2-C2B10H9)
Ni(PPh3)2 (II-3)

Fig. 2.1 Molecular structure of (g2-9,12-I2-1,2-C2B10H8)Ni(PPh3)2 (II-2)

Fig. 2.3 Molecular structure
of (g2-3-C6H5-1,2-C2B10H9)
Ni(PMe3)2 (II-4)
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Fig. 2.4 Molecular structure
of (g2-3-C6H5-1,2-C2B10H9)
Ni(PPh3)2 (II-5), showing
one of two independent
molecules in the unit cell

Fig. 2.5 Molecular structure
of (g2-4, 5, 7, 8, 9, 10, 11,
12-Me8-1,2-C2B10H2)
Ni(PMe3)2 (II-6)
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2.3 Summary

We have prepared several B-substituted nickel-1,2-o-carboryne complexes and
fully characterized their structures. Our studies show that the reaction between
phosphine ligated metal halide and Li2C2B10H10 is a good synthetic route for the
preparation of these complexes. These late transition metal-1,2-o-carboryne
complexes have similar structural features and the C(cage)–C(cage) bonds in these
complexes are much shorter than those in Zr-1,2-o-carboryne complexes.
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