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ABSTRACT: W(PMe3)4(η
2-CH2PMe2)H reacts with

PhSiH3 to give the first examples of diphenyldisilanyl
compounds, W(PMe3)4(SiH2SiHPh2)H3 and W(PMe3)3-
(SiH2Ph)(SiH2SiHPh2)H4, via a mechanism that is
proposed to involve migration of a SiHPh2 group to a
silylene ligand. In addition to the formation of the
aforementioned mononuclear compounds, the reaction
of W(PMe3)4(η

2-CH2PMe2)H with PhSiH3 also yields a
novel dinuclear compound, [W(PMe3)2(SiHPh2)H2]-
(μ‑Si,P-SiHPhCH2PMe2)(μ‑SiH2)[W(PMe3)3H2], which
features a bridging silylene ligand that participates in 3-
center-2-electron interactions with both tungsten centers.
The bonding within the [W(μ‑H)Si(μ‑H)W] core can be
described by a variety of resonance structures, some of
which possess multiple bond character between tungsten
and silicon. In this regard, [W(PMe3)2(SiHPh2)H2]-
(μ‑Si,P-SiHPhCH2PMe2)(μ‑SiH2)[W(PMe3)3H2] pos-
sesses the shortest W−Si bond length reported. The
corresponding reaction of W(PMe3)4(η

2-CH2PMe2)H
with Ph2SiH2 yields the σ-silane compound, W(PMe3)3-
(σ-HSiHPh2)H4.

The reactivity of transition metal compounds towards
silanes is of considerable interest1 in view of the fact that

such compounds provide a means of catalyzing a variety of
transformations of silanes, such as hydrosilylation and
dehydrogenative polymerization.2 Furthermore, the interaction
of silanes with transition metal centers has been invoked as a
model for the corresponding interactions of C−H bonds.3 In
this regard, we recently demonstrated that the electron-rich
molybdenum complex, Mo(PMe3)6, cleaves the Si−H bonds of
SiH4, PhSiH3, and Ph2SiH2 to afford a variety of novel silyl,
hypervalent silyl, silane, and disilane complexes.4 Here we
describe the corresponding reactivity of a related tungsten
complex, thereby demonstrating the existence of reaction
pathways that afford classes of compounds that are not
observed for the molybdenum system.
W(PMe3)4(η

2-CH2PMe2)H,
5 a cyclometalated derivative of

W(PMe3)6,
6 is a highly reactive molecule that is capable of

cleaving a variety of X−Y bonds.6b,7 As such, it is not surprising
that W(PMe3)4(η

2-CH2PMe2)H is also reactive towards
PhSiH3; however, it is most interesting that the reaction
follows a very different course from that of Mo(PMe3)6. For
example, while Mo(PMe3)6 undergoes facile oxidative-addition
of the Si−H bonds of PhSiH3 to give the bis(phenylsilyl)
compound, Mo(PMe3)4(SiH2Ph)2H2,

4 the corresponding re-

action of W(PMe3)4(η
2‑CH2PMe2)H does not yield

W(PMe3)4(SiH2Ph)2H2, but rather the isomeric disilanyl
compound, W(PMe3)4(SiH2SiHPh2)H3 (1) (Scheme 1),
which features a Si−Si bond. Furthermore, whereas the
reaction of Mo(PMe3)6 with excess PhSiH3 yields the silyl
(SiH3) compounds Mo(PMe3)4(SiH2Ph)(SiH3)H2,
Mo(PMe3)4(SiH3)2H2, and Mo(PMe3)4(SiH3)H3, the reaction
between W(PMe3)4(η

2‑CH2PMe2)H and excess PhSiH3 yields
W(PMe3)3(SiH2Ph)(SiH2SiHPh2)H4 (2). Oxidative-addition
of PhSiH3 to form the latter compound is, however, reversible
since W(PMe3)3(SiH2Ph)(SiH2SiHPh2)H4 may be converted
to W(PMe3)4(SiH2SiHPh2)H3 by treatment with PMe3.
The molecular structures of W(PMe3)4(SiH2SiHPh2)H3 (1)

(Figure 1) and W(PMe3)3(SiH2Ph)(SiH2SiHPh2)H4 (2)
(Figure 2) have been determined by X-ray diffraction and are
of interest because there are no other structurally characterized
M(SiH2SiHPh2) disilanyl compounds listed in the Cambridge
Structural Database (CSD).8 Furthermore, there are only three
structurally characterized compounds of the type M(SiH2SiR3)
(R = H, Ph), namely Cp*Os(PPri3)(H)(Br)SiH2SiPh3,

9a

Cp*2ScSiH2SiPh3,
9b and Cp*Fe(CO)2SiH2SiH3,

9c and none
of these were synthesized by a reaction involving Si−Si bond
formation. Specifically, Cp*Os(PPri3)(H)(Br)SiH2SiPh3

9a and
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Cp*2ScSiH2SiPh3
9b were obtained by reactions with the

disilane, Ph3SiSiH3, while Cp*Fe(CO)2SiH2SiH3 was obtained
by treatment of the chloride derivative Cp*Fe(CO)2SiCl2SiCl3
with LiAlH4.

9c

W(PMe3)4(SiH2SiHPh2)H3 (1) exhibits a distinct 1:2 set of
hydride signals in the 1H NMR spectrum, in accord with the
solid state structure. In contrast, W(PMe3)3(SiH2Ph)-
(SiH2SiHPh2)H4 (2) is fluxional at room temperature,
exhibiting a single broad signal for the hydride ligands. A static
structure that exhibits independent signals for each of the four
hydride ligands of W(PMe3)3(SiH2Ph)(SiH2SiHPh2)H4 (2) is,
nevertheless, observed at 193 K.
The mechanism of the formation of the disilanyl ligand is of

interest in view of the relevance of Si−Si bond formation to the
production of polysilanes. In this regard, the mechanism for
formation of the SiH2SiHPh2 ligand is proposed to involve
sequential (i) α-H elimination of a bis(silyl) species,
[W](SiH2Ph)2,

10 to form a silylene intermediate of the type
[W](SiHPh)(SiH2Ph)H, (ii) 1,3-migration of a phenyl
group to produce an isomeric si lylene complex,
[W](SiHPh2)(SiH2)H], and (iii) 1,2-migration of the
newly generated SiHPh2 group to form [W](SiH2SiHPh2)H.
Similar 1,2-silyl and 1,3-alkyl and aryl migrations have also been
proposed in other systems.11,12 For example, treatment of
CpRFe(CO)(SiMes2)(SiMe3) (Cp

R = Cp, Cp*) with ButNC
yields the disilanyl compound Cp*Fe(CO)(CNBut)(SiMesMe-
SiMesMe2), which was rationalized by a series of 1,3-migrations
of the methyl and mesityl groups, followed by 1,2-silyl
migration.12a

Density Functional Theory (DFT) calculations also support
the viability of the proposed mechanism. Specifically, not only
is the disilanyl compound W(PMe3)4H3(SiH2SiHPh2) (1)
calculated to be significantly more thermodynamically stable
than the bis(silyl) derivative, W(PMe3)4H2(SiH2Ph)2, by 8.7
kcal mol−1, but the proposed silylene intermediates are also
thermodynamically accessible.
In addition to the formation of the above mononuclear

compounds, the reaction of W(PMe3)4(η
2-CH2PMe2)H with

PhSiH3 also produces a low yield of a novel dinuclear
compound, [W(PMe3)2(SiHPh2)H2](μ‑Si,P-SiHPhCH2PMe2)-
(μ‑SiH2)[W(PMe3)3H2], “[WSiW]” (3), which features a
bridging silylene ligand.13,14 The molecular structure of the
silylene complex has been determined by X-ray diffraction
(Figure 3), thereby demonstrating that the SiH2 moiety

coordinates to the two tungsten centers in a manner that is
quite distinct from other μ‑SiH2 compounds. For example, (i)
the W−Si−W bond angle is close to linear [176.16(6)°],
whereas other μ‑SiH2 compounds are significantly bent, as
illustrated by the M−Si−M bond angles in [CpFe(CO)2]2-
(μ‑SiH2) [123.48(6)°],15a (Cp2Ti)2(μ‑SiH2) [102.8°],15b and
[CpMn(CO)2H]2(μ‑SiH2) [124.4(3)°],

15c and (ii) the μ‑SiH2
moiety is not orthogonal to the W···W vector, such that the
angle between the SiH2 and SiW2 planes is 31.1° rather than
90°. This displacement from orthogonality is a consequence of
the fact that the hydrogen atoms attached to silicon also
participate in 3-center-2-electron interactions with the tungsten
centers,16,17 with the result that the [W(μ‑H)Si(μ‑H)W] core is
characterized by Si−H distances of 1.68(4) Å and 1.68(5) Å,
W−H distances of 1.59(4) Å and 1.58(5) Å, and W−Si
distances of 2.2813(13) Å and 2.3651(13) Å. DFT calculations
reproduce well the overall features of the experimental structure
of [WSiW], including the asymmetry of the W−Si interactions
(2.300 Å and 2.424 Å). The bonding within this core can be
described by a variety of resonance structures, some of which
emphasize multiple bond character between tungsten and
silicon (Figure 4). In this regard, both W−Si distances are
significantly shorter than the average W−Si bond length (2.55
Å) for compounds listed in the CSD.8 Furthermore, the W−Si
bond length of 2.2813(13) Å is shorter than the values for
compounds listed in the CSD.8,18

Dinuclear [WSiW] is fluxional in solution at room
temperature, such that the 1H NMR spectrum consists of two
broad signals in a 1:1 ratio for the six hydrogen atoms
associated with the [H2W(SiH2)WH2] component. However,
at low temperature (210 K), the six hydrogen atoms associated

Figure 1. Molecular structure of W(PMe3)4(SiH2SiHPh2)H3 (1).

Figure 2. Molecular structure of W(PMe3)3(SiH2Ph)(SiH2SiHPh2)H4
(2).

Figure 3. Molecular structure of [W(PMe3)2(SiHPh2)H2](μ‑Si,P-
SiHPhCH2PMe2)(μ‑SiH2)[W(PMe3)3H2] (3).
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with the [H2W(SiH2)WH2] component can be distinguished in
the 1H{31P} NMR spectrum. These observations suggest that
the two terminal hydride ligands on each tungsten center are in
rapid exchange with the respective bridging hydride ligand at
room temperature, and that exchange of hydride ligands
between the metals is not facile.
The synthesis of [WSiW] is of particular interest, not only

because it is the first example of a silylene compound that
features a [M(μ‑H)Si(μ‑H)M] coordination mode of this type,
but also because compounds that feature μ‑SiHx ligands are
rare, with there being few structurally characterized compounds
that possess μ‑SiH2,

15 μ‑SiH3,
19 μ‑SiH4,

20 and μ‑SiH6
21 ligands.

Whereas the products isolated from the reaction of
W(PMe3)4(η

2‑CH2PMe2)H with PhSiH3 are very different
from those observed for the corresponding reaction of
Mo(PMe3)6, the reactions with Ph2SiH2 bear similarities for
the two systems. Specifically, W(PMe3)4(η

2‑CH2PMe2)H reacts
with Ph2SiH2 to give, inter alia, the σ-silane compound,
W(PMe3)3(σ‑HSiHPh2)H4 (4) (Scheme 1),22,23 which is
analogous to the formation of the molybdenum complex,
Mo(PMe3)3(σ‑HSiHPh2)H4, from Mo(PMe3)6. As observed
for the molybdenum system, the yield of W(PMe3)3-
(σ‑HSiHPh2)H4 (4) is improved in the presence of H2. In
contrast to the molybdenum system, however, counterparts to
the hypervalent silyl compound, Mo(PMe3)4(κ

2‑H2-
H2SiPh2H)H,

24 and the disilane adduct, Mo(PMe3)3(κ
2‑H2-

H2Si2Ph4)H2, are yet to be isolated for the tungsten system.
The molecular structure of W(PMe3)3(σ‑HSiHPh2)H4 (4)

has been determined by X-ray diffraction (Figure 5), and the
three-membered [W,H,Si] moiety is characterized by W−Si

[2.5110(10) Å], W−H [1.65(4) Å], and Si−H [1.87(4) Å]
bond lengths that are consistent with its formulation as a silane
adduct25,26 rather than a silyl derivative. Significantly,
W(PMe3)3(σ‑HSiHPh2)H4 (4) is the first structurally charac-
terized σ-silane compound of tungsten, although such species
have been observed spectroscopically.27 Also of note, the W−Si
bond length [2.5110(10) Å] is considerably longer than the
aforementioned distances in [WSiW] [2.2813(13) Å and
2.3651(13) Å], which provides further support for W−Si
multiple bond character in the latter.
In summary, the reactivity of W(PMe3)4(η

2‑CH2PMe2)H
towards PhSiH3 results in the formation of diphenyldisilanyl
compounds, W(PMe3)4(SiH2SiHPh2)H3 (1) and W(PMe3)3-
(SiH2Ph)(SiH2SiHPh2)H4 (2), and a novel dinuclear bridging
silylene complex, [WSiW] (3), while the σ-silane compound
W(PMe3)3(σ‑HSiHPh2)H4 (4) is obtained from Ph2SiH2.
Interestingly, none of the compounds derived from PhSiH3
have counterparts in the corresponding molybdenum system,
thereby highlighting a significant difference in the chemistry of
these otherwise often similar elements. The bonding within
[WSiW] is also particularly interesting because the
[W(μ‑H)Si(μ‑H)W] core possesses very short W−Si bonds,
W−H−Si hydride bridges, and an almost linear W−Si−W
arrangement, each of which is in marked contrast to other
compounds with μ‑SiH2 ligands.
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