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Abstract

Reaction of [W(PMe2Ph)3H6] with pentaborane(9) gives nido-2-[W(PMe2Ph)3H2B4H8] (1) as well as nido-2-[W(PMe2Ph)3HB5H10] (2).
The crystal structure of (2) has been determined. Compound (2) has a novel metallaborane structure containing an edge-bridging {BH3}
group between the tungsten atom and one of the basal boron atoms in a ‘‘nido-WB4’’ pyramid. Reaction of [W(PMe3)4(g2-CH2PMe2)H]
with pentaborane(9) gives nido-2-[W(PMe3)3H2B4H8] (3) whilst reaction of [Mo(L)4H4] with pentaborane(9) gives nido-2-
[Mo(L)3H2B4H8] [L = PMe3 (4), PMe2Ph (5)]. Treatment of [Mo(PMe3)4H4] with excess BH3 Æ thf gives the known borohydride [Mo-
(PMe3)4H(g2-BH4)].
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The reaction of pentaborane(9) (nido-B5H9) with transi-
tion-metal compounds or the ½nido� B5H�8 � anion with
transition-metal chlorides gives a wide variety of metalla-
borane structures [1–4]. We are exploring the reaction of
pentaborane(9) with electron-rich transition-metal com-
pounds. For example, the reaction of pentaborane(9) with
[Fe(PMe3)3(g2-CH2PMe2)H] gives the novel borane-capped
nido-ferrapentaborane [2,3-{Fe(PMe3)2}2(g-H)B4H9] and
nido-2-[Fe(PMe3)3B4H8] [5]. Further, the reaction of [(g-
C5Me5)Ru(PMe3)H3] with pentaborane(9) gives several
metallaboranes with 3–5 boron atoms including nido-2-
[(g-C5Me5)RuB5H10], arachno-2-[(g-C5Me5)Ru(PMe3)B3H8],
arachno-3-[(g-C5Me5)Ru(PMe3)B4H9] and nido-2-[(g-C5Me5)-
(PMe3)RuB5H8] [6]. We have also reported the reaction of
the tungsten complex [W(PMe3)3H6] with metallaboranes
to give novel metallaborane clusters [7,8]. We decided to
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extend the study to the reaction of pentaborane(9) with elec-
tron-rich phosphine polyhydrides of tungsten and molybde-
num. Only two previous studies of the reaction of Group 6
electron-rich phosphine polyhydrides with boron hydrides
have been reported. [W(PMe3)3H6] reacts with BH3 Æ thf
to give arachno-2-[W(PMe3)3H3B3H8] [9] whilst reaction
of [W(PMe2Ph)3H6] with [NEt4][B9H14] gives nido-
[W(PMe2Ph)3H2B9H13] [10].

2. Results and discussion

Treatment of a toluene solution of [W(PMe2Ph)3H6] [18]
with excess of a toluene solution of pentaborane(9) gave a
red–brown solution from which two products could be sep-
arated in low yields by column chromatography on silica
gel. Light petroleum ether:thf 20:1 eluted nido-2-
[W(PMe2Ph)3H2B4H8] (1) as a bright yellow band. Light
petroleum ether:thf 9:1 eluted [W(PMe2Ph)3HB5H10] (2)
as a dark orange–brown band. Recrystallisation of the yel-
low band from light petroleum ether afforded yellow
microcrystals of (1). Recrystallisation of the orange–brown
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Table 1
Crystal data, data collection and structure refinement for nido-2-
[W(PMe2Ph)3HB5H10] (2)

Empirical formula C24H44B5P3W
Molecular weight 663.4
Crystal size (mm) 0.1 · 0.3 · 0.3
Crystal system Monoclinic
Space group P21/c
a (Å) 14.752(8)
b (Å) 22.805(6)
c (Å) 10.103(3)
b (�) 98.09
Volume (Å3) 3364.9
Z 4
Dc (g cm�3) 1.31
l (cm�1) 36.6
F(000) 1328
T (K) 293 (10)
Radiation (k/l) Mo Ka (0.71069)
2h Limits (�) 3–48
Scan mode x-2h
Total data collected 5266
Number of observations 3160
Number of variables 341
Observations/variables 9.27
Weighting scheme Unit weights
R 0.0391
Rw 0.0432
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band from light petroleum ether afforded purple microcrys-
tals of (2).

Compound (1) has been characterised by multi-nuclear
NMR spectroscopy and elemental analysis as nido-2-
[W(PMe2Ph)3H2B4H8] (Fig. 1). The metallaborane
‘‘MB4H8’’ cage in (1) is known for a number of transition
metals including tantalum [11], tungsten [7,12,25], iron [6]
and cobalt [13]. The 11B NMR spectrum of (1) consists of
three resonances of relative intensity 1:2:1. Both the low
field and high field resonances are resolved as doublets
whilst the resonance in-between is broad and unresolved.
11B{1H} broad band decoupling of these signals collapses
the doublets to singlets and the broad resonance to sharpen
considerably to a singlet. The 1H NMR of (1) shows five res-
onances that sharpen on broad band 11B decoupling. These
can be definitively assigned by 1H{11B} and 11B{1H} selec-
tive decoupling experiments as two equivalent W–H–B
bridging protons, two equivalent B–H–B bridging protons
and four terminal B–H protons two of which are equivalent.
Also present in the 1H NMR spectrum are signals due to the
three dimethylphenylphosphine ligands and the two
hydrides on the tungsten. Spin saturation transfer experi-
ments performed on (1) show exchange between the W–
H–B bridges and the W–H hydrides at room temperature.

Compound (2) has been characterised by multi-nuclear
NMR spectroscopy, mass spectroscopy, elemental analysis
and X-ray crystallography. The complexity of the NMR
data were sufficient to warrant a structural investigation.
Purple needles of (2) suitable for X-ray diffraction were
grown from toluene:light petroleum ether. Crystallo-
graphic data are collected in Table 1. A selected view of
the molecular structure of (2) is given in Fig. 2 and selected
bond lengths in Table 2.

The X-ray diffraction study revealed a structure based
on a nido-pentaborane(9) cluster with the {W(PMe2Ph)3H}
fragment subrogating for a basal boron unit as in com-
pound (1). The most surprising feature of the structure is
the presence of an edge-bridging {BH3} unit [atom B(6)]
which substitutes for one of the bridge hydrogen atoms
between the metal and one of the basal boron atoms
B(5). One of the hydrogen atoms on this {BH3} unit is
bridging between (B6) and the metal, with the other two
terminal hydrogen atoms exo and endo on this boron.
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Fig. 1. Structures of nido-2-[M(L)3H2B4H8]. M = W, L = PMe2Ph (1);
M = W, L = PMe3 (3); M = Mo, L = PMe2Ph (4); M = Mo, L = PMe3

(5).

Fig. 2. Molecular structure of nido-2-[W(PMe2Ph)3HB5H10] (2). The
methyl and phenyl groups on the phosphine ligands have been omitted for
clarity. The W–H hydrogen atom is not shown.
There are several bond lengths of note in the structure of
(2). The W–H–B distance from the metal fragment to the
{BH3} unit is relatively short (2.363 Å). Otherwise the
other W–B distances within the square pyramid compare
well with previously reported nido-‘‘MB4H8’’ metallabor-
anes such as [Cp*WH3B4H8] [12], [Cp*TaCl2B4H8] [11]
and [CpCoB4H8] [13]. The corresponding B(5)–B(6) bond
to the {BH3} unit appears to be marginally longer
(1.88 Å) than the bridged B–B bonds (1.78, 1.83 Å) in the
same structure. The other B–B, W–B and W–P bond



Table 2
Selected bond distances and angles for compound (2)

Bond distances

W(2)–B(1) 2.231(12)
W(2)–B(3) 2.426(13)a

W(2)–B(5) 2.328(12)
W(2)–B(6) 2.363(13)a

W(2)–P(1) 2.505(2)
W(2)–P(2) 2.450(2)
W(2)–P(3) 2.500(2)
B(1)–B(3) 1.69(2)
B(1)–B(4) 1.74(2)
B(1)–B(5) 1.75(2)
B(3)–B(4) 1.78(2)
B(4)–B(5) 1.83(2)
B(5)–B(6) 1.88(3)

Bond angles

B(1)–W(2)–B(3) 42.39
B(1)–W(2)–B(5) 45.20
B(3)–W(2)–B(5) 66.92
B(3)–B(4)–B(5) 93.15
W(2)–B(6)–B(5) 65.27
W(2)–B(3)–B(4) 98.94
B(3)–B(1)–B(4) 62.35
W(2)–B(1)–B(3) 75.03
B(1)–B(3)–B(4) 60.03

a Bonds which have bridging hydrogen atoms.
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Fig. 3. Two possible valence bond structures for the arachno-½B6H�11� ion.

1936 M.L.H. Green et al. / Journal of Organometallic Chemistry 691 (2006) 1934–1940
lengths are comparable to those in other tungstenaboranes
[9,10,12].

The 11B NMR spectrum of (2) consists of five reso-
nances of relative intensity 1:1:1:1:1. The four higher field
resonances resolve into doublets whereas the lower field
resonance (d = 32.0 ppm) appears as a very broad triplet.
Assignments of the boron and proton nuclei in (2) were
made using 1H{11B} and 11B{1H} selective decoupling
experiments as well as 11B–11B COSY and 1H–11B shift
correlation experiments. An unusual feature of the 11B
NMR spectrum is the position of the apex boron (B1)
which is found in the middle of the resonances resulting
from the basal boron atoms at d = 6.83 ppm. A typical
apex boron would be expected to appear at d = �30 to
�50 ppm in nido-{MB4H8} clusters and is usually found
at the highest field position in the 11B NMR spectrum.
The edge-bridging boron atom B(6) is found at low field
(d = 32.0 ppm) and shows no correlation with any of
the other boron atoms in the 11B–11B COSY spectrum,
although one would have expected to see the correlation
to the unbridged boron B(5). This may be the result of
the very broad nature of the B(6) resonance. The correla-
tion of the proposed apical boron B(1) to B(3), B(4), and
B(5) is clearly seen in the 11B–11B COSY spectrum. In the
1H–11B shift correlation spectrum only the proton (H34)
was found not to correlate to its attached boron nucleus
B(3), although it showed a strong correlation to the other
attached boron B(4). Otherwise each boron nuclei corre-
lated correctly to its respective terminal proton and bridge
protons where appropriate. B(6) showed correlations only
with its W–H–B bridge.
The 1H{11B} NMR spectrum revealed 9 different reso-
nances for the {WB5H10} cluster fragment, eight of relative
intensity one and one of intensity 2 for protons H(6) and
H(7) which were not resolved. An unusual feature of the
1H NMR spectrum is the location of the apical terminal
proton which is found at a much lower field (d =
3.1 ppm) than usually expected (corresponding to the low
field position of the apical boron in the 11B NMR spec-
trum). The single tungsten hydride is observed as a broad
multiplet at d = �0.3 ppm. The 31P NMR spectrum for
(2) consists of two signals, a doublet (d = �16.67 ppm,
2P) and a triplet (d = �29.28 ppm, 1P).

From the electron-counting rules for clusters [14–16],
one would predict a structure based on the parent neutral
borane nido-[B6H10] (16 cluster electrons). The geometry
observed for compound (2) does not resemble nido-
[B6H10] rather the presence of the bridging {3} unit indi-
cates closer similarities with the proposed structure for
the arachno-½B6H�11� ion (Fig. 3). In addition, there are
many six-vertex metallaborane analogues which are
bridge-substituted pentaboranyl metal derivatives which
can also be considered as having a gross geometry similar
to that proposed for the arachno-½B6H�11� ion [2,3]. In these
examples however, the metal fragment substitutes for one
of the bridge hydrogen atoms, whereas in (2) the metal
fragment is retained in a basal boron position and a boron
atom is substituted in the bridge hydrogen position.

It may be best to consider compound (2) as a substituted
version of compound (1). In going from (1) to (2) a W–H–B
bridging hydrogen atom has been replaced by a {BH2} unit
which interacts with one of the W–H hydrides (to enable
the boron to fill its octet) to produce a bridge to the metal.
The bonding characteristics of a {BH2} unit and a hydro-
gen atom can be seen to be similar in the valence bond
structure. This similarity has been used to describe the
structural relationship between the arachno-boranes
[B4H10], [B5H11] and [B6H12] [17]. The structure of
[B5H11] can be derived from [B4H10] by replacing one of
the B–H–B bridging hydrogens with a {BH2} unit and, at
the same time, allowing one of the terminal hydrogens
adjacent to the substitution to now become bridging to
the {BH2} unit (Fig. 4).

If the same procedure is performed on nido-[B5H9] we
obtain nido-[B6H10], but the geometry observed will not
look like that of the known structure which is pentagonal
pyramidal (Fig. 5).
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Although the stoichiometry is [B6H10], what we actually
observe is a structure which resembles that of the structure
proposed for arachno-½B6H�11�. The schematic representa-
tion in Fig. 5 would result in one of the boron atoms adja-
cent to the {BH2} unit, B(2), not having a terminal
hydrogen attached to it. In electron-counting in this cluster
the two electrons it would have had involved in this bond-
ing interaction should be considered to contribute to the
skeletal framework. Thus, this boron atom will now con-
tribute 3 electrons and 4 orbitals to the cluster count.
The cluster count is as follows: 4 · (BH = 2) = 8e,
1 · (BH2) = 3e, 1B = 3e, 4 · (l-H) = 4e, this is a total of
18e or 9 electron pairs. This gives us a n + 3 arachno cluster
for six skeletal atoms. This indicates a structure based on
that proposed for the arachno-½B6H�11� ion as suggested
earlier.

We can also suggest that the same relationship exists
between the structures of compounds (1) and (2). The metal
fragment {W(PMe2Ph)3H2} in (1) can be considered as the
{BH} fragment of the [B5H9] cage. Thus, it is possible to
envisage substitution of the bridging hydrogen atom adja-
cent to the metal by a {BH2} unit, simultaneously followed
by the tungsten hydride forming the bridge to this unit
(Fig. 6). The remaining {W(PMe2Ph)3H} moiety behaves
as the boron atom with no terminal hydrogen and contrib-
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Fig. 6. Relationship between nido-2-[W(PMe2Ph)3H2B4H8] (1) and nido-2-
[W(PMe2Ph)3HB5H10] (2).
utes 3 electrons to the cluster. Thus, the overall cluster
count is the same as before, 18 electrons, to give the anal-
ogous n + 3 condition which is a structure based on the
arachno-½B6H�11� ion. This is indeed the X-ray diffraction
structure observed.

Reaction of [W(PMe3)4(g2-CH2PMe2)H] [19] with pen-
taborane(9) gives nido-2-[W(PMe3)3H2B4H8] (3) after
work-up by column chromatography (Fig. 1). Compound
(3) has been characterised by elemental analysis and
multi-nuclear NMR using selective 1H{11B} decoupling
experiments to assign the protons. As expected, the
NMR spectra of (3) show strong similarities to compound
(1) and to nido-2-W(PMe3)3H2B4H7[Mo(g-C5H5)(g5:g1-
C5H4)H2] which we recently reported [7]. This latter mole-
cule contains the same nido-‘‘WB4’’ cage as in (3) as well as
the same phosphine ligands on the tungsten fragment. A
minor purple product from the reaction of [W(PMe3)4

(g2-CH2PMe2)H] with pentaborane(9) was studied by
NMR spectroscopy. It was not isolated in pure form but
gave similar shielding patterns as for compound (2) and
is probably the PMe3 analogue of compound (2).

To extend the study to metallaboranes of molybdenum
we sought [Mo(L3)H6] polyhydrides of molybdenum.
These are less accessible than the tungsten analogues and
are unknown for L = PMe3 and PMe2Ph. Therefore, we
used the easily synthesised tetrahydrides [Mo(L)4H4] [20].

Reaction of [Mo(L)4H4] with pentaborane(9) gives nido-
2-[Mo(L)3H2B4H8] [L = PMe3 (4), PMe2Ph (5)] (Fig. 1).
Reaction of [Mo(PEtPh2)4H4] with pentaborane(9) gave
no metallaborane products even after prolonged heating
to 60 �C. Compounds (4) and (5) have been characterised
by elemental analysis and multi-nuclear NMR.

The solution 1H{11B}, 11B and 31P{1H} NMR spectra of
(4) were found to be very similar to the tungsten analogue
(3) from which we deduce the proposed structure nido-2-
[Mo(PMe3)3H2B4H8] (Fig. 1). For example, the 11B
NMR spectrum of (4) shows resonances at d = �2.6
(1B), �7.3 (2B) and �27.2 ppm (1B) compared to
d = �3.7 (1B), �9.7 (2B) and �29.7 ppm (1B) for the tung-
sten cluster. The 1H{11B} NMR spectrum of (4) shows five
resonances (ratio 1:2:1:2:2) assigned to the hydrogens asso-
ciated with the {B4H8} fragment, as well as a quartet at
d = �4.53 ppm assigned to 2 Mo–H hydrogens and a vir-
tual triplet at d = 1.23 ppm assigned to the three PMe3

ligands. The skeletal electron count for the molecule is
seven pairs, which fits the requirements for a square pyra-
midal geometry.

The minor purple fraction (6) separated by column
chromatography from the reaction of pentaborane(9) with
[Mo(PMe3)3H4] was studied by multi-nuclear NMR spec-
troscopy and found to be thermally unstable. Several
attempts to obtain a clean sample for complete NMR char-
acterisation, either by low temperature NMR spectroscopy
and/or low temperature recrystallisations failed. However,
it was possible to make some inferences from the spectra of
impure samples. The 11B{1H} NMR spectrum showed
5 major resonances in 1:1:1:1:1 ratio. The 11B NMR
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spectrum and high field region of the 1H NMR spectrum of
(6) show close similarities in their shielding patterns with
that of purple (2). In particular, and as found for com-
pound (2), the low field resonance was resolved as a broad
triplet indicating two terminal hydrogen atoms on this
boron atom. Assignments of the B–H terminal protons in
the low field region of the 1H{11B} NMR spectrum were
not obtained. However, from the partial data obtained it
seems likely that (6) is the {BH3} edge-substituted metal-
laborane nido-2-[Mo(PMe3)3HB5H10] (Fig. 7).

The reaction of pentaborane(9) with [Mo(PMe2Ph)3H4]
occurs much more slowly than with [Mo(PMe3)3H4] to give
a mixture of products from which only low yields of red
nido-2-[Mo(PMe2Ph)3H2B4H8] (5) could be isolated by col-
umn chromatography (Fig. 1). The positioning and pattern
of the cluster resonances in the 1H{11B}, 11B and 31P{1H}
NMR spectra are very similar to those of compound (4).
The resonances in the 11B NMR spectrum of (5) are
broader than those of (4) and show less doublet resolution
associated with B–H terminal coupling. It is not clear
whether this is due to the relative electron-donating abili-
ties of the phosphines or a relaxation effect due to the bulk
of the ligands.

Transition metal hydrides have also been shown to react
with BH3 Æ thf. For example, Fehlner and co-workers have
also reported the reaction of BH3 Æ thf with transition metal
hydrides. [Fe(g-C5Me5)H2]2 gives the monometal cluster
arachno-1-[Fe(g-C5Me5)B4H11] whilst [Ru(g-C5Me5)H2]2
gives the bimetallaborane cluster nido-1,2-[{Ru(g-C5Me5)-
H}2B3H7] which reacts further with BH3 Æ thf to give
nido-1,2-[{Ru(g-C5Me5)}2(l-H)B4H9] [21,22]. More impor-
tantly to the present study, reaction of [W(PMe3)3H6] with
BH3 Æ thf gives a 90% yield of arachno-2-[W(PMe3)H3B3H8]
[9]. We sought to access the molybdenum analogue of this
tungsten complex using [Mo(PMe3)4H4].

Reaction of [Mo(PMe3)4H4] with one equivalent of
BH3 Æ thf gives the known borohydride [Mo(PMe3)4H
(g2-BH4)] (7) as purple crystals in almost quantitative yield
as characterised by NMR spectroscopy [23]. No further
reaction ensued with excess BH3 Æ thf, even with prolonged
heating or UV irradiation.

The difference in reactivity to BH3 Æ thf between the tung-
sten and molybdenum systems may be due to initial dissoci-
ation to different 16-electron intermediates. [W(PMe3)3H6]
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Fig. 7. Proposed structure for nido-2-[Mo(PMe3)3HB5H10] (6).
loses dihydrogen to form {W(PMe3)3H4} as an intermediate
species, whereas [Mo(PMe3)4H4] also loses dihydrogen but
to form {Mo(PMe3)4H2} as the intermediate. The 16-elec-
tron species {Mo(PMe3)4H2} can then add a {BH3} frag-
ment to form the isolated product [Mo(PMe3)4H(g2-
BH4)] (7). The species {W(PMe3)3H4} adds a {BH3} frag-
ment but reacts further via loss of dihydrogen to eventually
form the homologated product arachno-2-[W(PMe3)-
H3B3H8]. This pathway is not open to [Mo(PMe3)4H
(g2-BH4)] which does not have two terminal hydrides avail-
able for loss as dihydrogen. As with [Mo(PMe3)4H4], loss of
PMe3 from [Mo(PMe3)4H(g2-BH4)] is not a favoured disso-
ciative pathway.

3. Conclusions

Reaction of pentaborane(9) with electron-rich Group 6
metal phosphine polyhydride complexes gives two classes
of metallaboranes which have been characterised. The first
structural class contains the well-known nido-‘‘MB4H8’’
cluster. The second class represented by nido-2-
[W(PMe2Ph)3HB5H10] (2) has a novel metallaborane struc-
ture containing an edge-bridging {BH3} group between the
tungsten atom and one of the basal boron atoms in a ‘‘nido-
WB4’’ pyramid.

4. General methods and instrumentation

All preparations, manipulations and reactions were
carried out under an inert atmosphere of dinitrogen using
standard techniques for handling air-sensitive materials
(Schlenk line and glove-box). Dinitrogen was purified by
passage through a column containing BASF catalyst
and 4 Å molecular sieves. Solvents were pre-dried over
molecular sieves (4 or 5 Å), distilled from appropriate
drying agents and stored under dinitrogen in Teflon valve
ampoules. Deuterated solvents were stored over activated
molecular sieves or sodium-potassium alloy. Chromatog-
raphy was carried out on silica gel G (Fluka, type GF
254) under dinitrogen. Reaction mixtures were generally
deposited as a ‘‘sand’’ on silica gel and admitted to the
top of the column via a tipper tube under a gentle stream
of dinitrogen. Solvents used for chromatography (thf,
petroleum ether and diethyl ether) were not pre-dried
but only flushed with dinitrogen before use. Pentabo-
rane(9) was used from stock as a 0.25–0.4 M solution in
toluene. [W(PMe2Ph)3H6] [18], [W(PMe3)4(CH2PMe2)H]
[19] and [Mo(L)4H4] [20] (L = PMe3, PMe2Ph) were pre-
pared according to literature methods. The NMR spectra
were obtained using Bruker AM-250 or AM-300 instru-
ments. 1H spectra were referenced internally with respect
to the residual protiosolvent (C6D6, d 7.10); 11B and 31P
spectra were referenced internally relative to the deute-
rium lock signal using the SR command of standard
Bruker software, with respect to the standards 85%
H3PO4–D2O (31P) and BF3–Et2O (11B). All chemical shifts
are quoted in d (ppm) and coupling constants in Hertz
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(Hz). Mass spectra were obtained on an AEI MS 302
mass spectrometer, ‘‘updated’’ by a data handling system
supplied by Mass Spectrometry Services Ltd., (EI or
FAB) by the SERC Mass Spectrometry Centre at the
University College of Swansea. Elemental analysis was
carried out by the analysis department of the Inorganic
Chemistry Laboratory, Oxford University.

4.1. X-ray structure determinations

Data were collected on an Enraf.Nonius CAD4 diffrac-
tometer (3� > 2h < 50�). The structure was solved from
direct methods and Fourier syntheses and refined by full-
matrix least-squares procedures with anisotropic thermal
parameters for all non-hydrogen atoms. Hydrogen atoms
bonded to carbon atoms were included in calculated posi-
tions (C–H 0.96 Å) and refined riding on their attached
atom. Hydrogen atoms bonded to boron atoms were
located from a difference synthesis and their co-ordinates
and isotropic thermal parameters refined. Crystallographic
calculations were carried out using the Oxford ‘‘CRYS-
TALS’’ package [24].

4.1.1. Reaction of [W(PMe2Ph)3H6] with pentaborane(9)

[W(PMe2Ph)3H6] (1.2 g, 2.00 mmol) in toluene (40 ml)
was treated with a toluene solution of pentaborane(9)
(0.404 M, 20 ml). The orange solution was left stirring at
ambient temperature for 18 h during which time it had
changed to a red–brown colour. The reaction mixture
was then chromatographed on a silica gel column. Light
petroleum ether:thf 20:1 eluted nido-2-[W(PMe2Ph)3-
H2B4H8] (1) as a bright yellow band. Light petroleum
ether:thf 9:1 eluted [W(PMe2Ph)3HB5H10] (1) as a dark
orange–brown band. Recrystallisation of the yellow band
from light petroleum ether afforded yellow microcrystals
of (1), yield 70 mg, 5%. The orange–brown band was
recrystallised from toluene:light petroleum ether 1:1 to give
purple needles of (2) suitable for X-ray diffraction, yield
130 mg, 10%.

Compound (1). Elemental analysis for C24H43B4WP3.
Anal. Calc.: C, 44.2; H, 6.6. Found: C, 44.3; H, 6.9%.

Selected NMR data: 1H{11B} NMR (toluene-d8):
d = 7.2 [br m, 1H, 3Ph], 5.2 [s, 1H, H(4)], 3.4 [s, 2H,
H(3) and H(5)], 1.5 [d, 18H, J(P–H) 8, 3 PMe2], 1.1 [s,
1H, H(1)], �2.2 [s, 2H, H(34) and H(45)], �3.3 [q, 2H,
J(P–H) 43, 2W–H], �8.5 [s, 2H, H(23) and H(25)]. 11B
(benzene-d6): d �3.1 [br d, 1B, J(B–H) 138, B(4)], �9.3
[br s, 2B, B(3) and B(5)], �28.8 [d, 1B, J(B–H) 148, B(1)].

Compound (2). Mass spectrum: m/z = 686, [M + Na]+.
Elemental analysis for C24H44B5WP3. Anal. Calc.: C,
43.5; H, 6.7. Found: C, 44.4; H, 7.4%.

Selected NMR data: 1H{11B} NMR (toluene-d8):
d = 7.1 [s, 2H, H(6) and H(7)], 7.0 [m, 15H, 3Ph], 5.7 [s,
1H, H(4)], 4.0 [s, 1H, H(3)], 3.1 [s, 1H, H(1)], 1.8 [s, 1H,
H(5)], 1.7 [d, 3H, J(P–H) 9, PMe], 1.6 [d, 3H, J(P–H) 8,
PMe], 1.5 [d, 3H, J(P–H) 8, PMe], 1.5 [d, 3H, J(P–H) 8,
PMe], 0.9 [d, 3H, J(P–H) 8, PMe], 0.9 [d, 3H, J(P–H) 7,
PMe], 0.3 [br m, 1H, W–H], �1.5 [s, 1H, H(34)], �4.4 [s,
1H, H(45)], �6.8 [m, 1H, H(23)], �10.7 [m, 1H, H(26)].
11B (benzene-d6): d 32.0 [br t, 1B, B(6)], 11.0 [d, 1B, J(B–
H) 122, B(4)], 6.83 [d, 1B, J(B–H) 153, B(1)], �4.7 [br d,
1B, J(B–H) 122, B(3)], �10.7 [d, 1B, J(B–H) 134, B(5)].
31P{1H}(benzene-d6): �16.7 [d, 2P, J(P–P) 10], �29.3 [t,
1P, J(P–P) 9].

4.2. Reaction of [W(PMe3)4(g2-CH2PMe2)H] with

pentaborane(9)

A solution of pentaborane(9) in toluene (0.15 M, 30 ml)
was added to a solution of [W(PMe3)4(g2-CH2PMe2)H]
(1.0 g, 1.8 mmol) in toluene (50 ml) and stirred at ambient
temperature for 3 days. The yellow solution darkened con-
siderably. The reaction mixture was then chromatographed
on a silica gel column eluting with light petroleum ether:thf
9:1. Four bands separated which were yellow, orange, pur-
ple and brown–purple. Band 1 was recrystallised from
petroleum ether to give nido-2-[W(PMe3)3H2B4H8] (3) as
yellow crystals, yield 40 mg, 5%. The other bands were
obtained in insufficient quantity for full characterisation,
although the purple band was studied by multi-nuclear
NMR.

Compound (3). Elemental analysis for C9H37B4WP3.
Anal. Calc.: C, 22.93; H, 8.07. Found: C, 22.83; H, 8.34%.

Selected NMR data: 1H{11B} NMR (benzene-d6):
d = 5.36 [s, 1H, H(4)], 3.5 [s, 2H, H(3) and H(5)], 1.4 [d,
27H, J(P–H) 7, 3 PMe3], 1.05 [s, 1H, H(1)], �2.1 [s, 2H,
H(34) and H(45)], �4.05 [q, 2H, J(P–H) 39, 2W–H],
�8.75 [s, 2H, H(23) and H(25)]. 11B: d �3.66 [br d, 1B,
J(B–H) 138, B(4)], �9.72 [br d, 2B, J(B–H) 105, B(3) and
B(5)], �29.75 [d, 1B, J(B–H) 157, B(1)]. 31P{1H}: �28.7
[s, 3PMe3).

4.3. Reaction of [Mo(PMe3)4H4] with pentaborane(9)

A solution of pentaborane(9) in toluene (0.41 M, 25 ml)
was added to a solution of [Mo(PMe3)4H4] (2 g, 5.0 mmol)
in light petroleum (20 ml) and the solution stirred at ambi-
ent temperature for 16 h. The dark red–brown solution
deposited some brown solids. The reaction mixture was
chromatographed on silica gel eluting with light petro-
leum:diethyl ether 20:1. A yellow band was eluted and col-
lected. Recrystallisation from light petroleum ether at
�30 �C gave yellow brick-shaped crystals of nido-2-[Mo-
(PMe3)3H2B4H8] (4), yield 0.18 g, 10%.

Compound (4). Elemental analysis for C9H37B4MoP3.
Anal. Calc.: C, 28.6; H, 9.9. Found: C, 28.4; H, 10.2%.

Selected NMR data: 1H{11B} NMR (benzene-d6):
d = 3.92 [s, 1H, H(4)], 3.14 [s, 2H, H(3) and H(5)], 1.23
[virt. t, 27H, 3 PMe3], 1.08 [s, 1H, H(1)], �2.03 [s, 2H,
H(34) and H(45)], �4.53 [q, 2H, J(P–H) 47, 2Mo–H],
�8.85 [s, 2H, H(23) and H(25)]. 11B: d �2.64 [d, 1B,
J(B–H) 134, B(4)], �7.32 [d, 2B, J(B–H) 150, B(3) and
B(5)], �27.20 [d, 1B, J(B–H) 150, B(1)]. 31P{1H}: 8.75
[s, 3PMe3).
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Compound (6). Partial NMR data: 1H{11B} NMR (ben-
zene-d6): d = �1.1 [br s, 1H,], �2.6 [dddd, 1H, Mo–H],
�3.1 [br s, 1H], �6.4 [br s, 1H], �10.9 [br s, 1H]. 11B: d
36.6 [br tr., 1B], 13.6 [d, 1B], 10.0 [d, 1B], �4.6 [d, 1B],
�6.3 [d, 1B].

4.4. Reaction of [Mo(PMe2Ph)4H4] with pentaborane(9)

A solution of pentaborane(9) in toluene (0.41 M, 15 ml)
was added to a solution of [Mo(PMe2Ph)4H4] (2 g,
3.1 mmol) in light petroleum (20 ml) and the solution stir-
red at ambient temperature for 56 h. The reaction mixture
was chromatographed on silica gel eluting with light petro-
leum:diethyl ether 20:1. An orange band was eluted and
collected. Recrystallisation from light petroleum ether at
�78 �C gave orange–red crystals of nido-2-[Mo(P-
Me2Ph)3H2B4H8] (5), yield 0.08 g, 5%.

Compound (5). Elemental analysis (%) of C24H43B4-
MoP3. A single analysis of air-sensitive (5) was low for
both C and H by ca. 6%.

Selected NMR data: 1H{11B} NMR (benzene-d6):
d = 7.50 � 7.06 [m, 15H, 3Ph], 4.02 [s, 1H, H(4)], 3.27 [s,
2H, H(3) and H(5)], 1.37 [virt. t, 18H, 3 PMe2], 1.09 [s,
1H, H(1)], �1.87 [s, 2H, H(34) and H(45)], �3.82 [q, 2H,
J(P–H) 45, 2Mo–H], �8.51 [s, 2H, H(23) and H(25)]. 11B:
d �2.30 [br s, 1B, B(4)], �7.0 [br s, 2B, B(3) and B(5)],
�26.26 [d, 1B, J(B–H) 150, B(1)]. 31P{1H}: 21.72 [s,
3PMe2Ph).

5. Supplementary data

CCDC No. 290788 contains the supplementary crystal-
lographic data for this paper. The data can be obtained free
of charge via www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge, CB2 1EZ, UK; fax: +44
1223 336 033; or email: deposit@ccdc.cam.ac.uk).
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