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The reaction of Mo2(m-O2CMe)4 with KCp* in the presence
of PMe3 yields [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me) as a
result of cleavage of the P–CH3 bond.

The quadruply bonded dimolybdenum acetato complex Mo2(m-
O2CMe)4 has been shown to exhibit an extensive chemistry,
allowing access to a large variety of mononuclear, dinuclear and
polynuclear complexes.1 In this paper, we report an unusual
reaction of Mo2(m-O2CMe)4 which results in P–C bond
activation of PMe3 at a dimolybdenum center.

As part of an effort to find new methods of synthesis for
permethylcyclopentadienyl molybdenum complexes,2 we have
studied the reaction of Mo2(m-O2CMe)4 with KCp* (Cp* =
h5-C5Me5) in the presence of PMe3. Interestingly, rather than
yielding a ‘molybdenocene’ derivative,3 the bridging dimethyl-
phosphido–methyl complex, [Cp*Mo(m-O2CMe)]2(m-
PMe2)(m-Me), is obtained in ca. 30% isolated yield over a
period of 3 days at room temperature (Scheme 1). The
molecular structure of [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me)
has been determined by X-ray diffraction (Fig. 1 and Table 1),4
thereby demonstrating that the P–CH3 bond of PMe3 has been
cleaved. 1H and 13C NMR spectroscopic data also provide
decisive evidence in accord with this formulation. For example,
the 1H NMR spectrum exhibits three doublets at d 0.97 (2JPH 10
Hz), 0.91 (2JPH 9 Hz), and 25.25 (3JPH 5 Hz) for the [Mo2(m-
PMe2)(m-Me)] moiety, with the lattermost resonance attributed
to the molybdenum methyl group.

The facile cleavage of the P–CH3 bond in the formation of
[Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me) is of interest not only
because such transformations are rare,5,6 but also because the
P–CH3 bond cleavage in this system takes precedence over the
much more ubiquitous C–H bond cleavage reactions of PMe3.7
Furthermore, the structure of [Cp*Mo(m-O2CMe)]2(m-
PMe2)(m-Me) is noteworthy because both [PMe2] and [Me]
fragments remain coordinated to the metal centers after
cleavage has taken place. We are aware of three other examples
of P–CH3 cleavage reactions of PMe3,8–10 only one of which
yields a product that contains both [PMe2] and [Me] groups
coordinated to a metal, namely the reaction of CpNi(m-H)(m-
CO)WCp2 with PMe3 to give CpNi(m-PMe2)(m-CO)W-
CpMe(PMe3).8

In addition to representing a noteworthy example of P–C
bond cleavage, [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me) is also of
interest from a structural perspective since there are no
examples of dimolybdenum complexes with bridging methyl
groups listed in the Cambridge Structural Database.11,12

Bridging methyl groups have been proposed to adopt five
different coordination modes (Scheme 2), which may be
classified as (i) symmetric pyramidal,13 (ii) symmetric planar,14

(iii) monohapto agostic,15 (iv) dihapto agostic,16,17 and (v)
trihapto agostic.17,18 Of these modes, the bridging methyl group
in [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me) is appropriately de-
scribed as symmetric pyramidal, with chemically equivalent
Mo–C bond lengths [2.300(7) and 2.301(7) Å]19 and an acute
Mo–C–Mo bond angle [76.4(2)°].20 The 1JCH coupling constant
associated with this methyl group is 113 Hz, less than that for

Scheme 1

Fig. 1 Molecular structure of [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me)

Table 1 Selected bond lengths for [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me)

X d[Mo(1)–X]a/Å d[Mo(2)–X]b/Å

Mo(x) 2.8447(5) 2.8447(5)
C(1) 2.300(7) 2.301(7)
P 2.3883(13) 2.3853(13)
O(1y) 2.179(3) 2.161(3)
O(2y) 2.145(3) 2.152(3)
C(z1) 2.259(4) 2.251(5)
C(z2) 2.241(4) 2.253(4)
C(z3) 2.364(4) 2.371(4)
C(z4) 2.419(4) 2.421(5)
C(z5) 2.352(4) 2.327(5)

a x = 2, y = 1, z = 4. b x = 1, y = 2, z = 5.

Scheme 2
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typical terminal molybdenum methyl groups (ca. 127–136
Hz),21 and possibly reflects a diminished s-contribution to the
C–H bond,22 rather than an agostic interaction.20

The Mo–Mo separation of 2.8447(5) Å in [Cp*Mo(m-
O2CMe)]2(m-PMe2)(m-Me) is consistent with the presence of a
direct Mo–Mo interaction.23 In this regard, the Mo–Mo
separation is longer than the values in complexes with formal
double bonds, e.g. [CpMo]2(m-S)2(m-SPri)(m-PPh2) [2.623(2)
Å]24 and [(C5Me4H)Mo(CO)](m-PPh2)2[Mo(CO)(C5Me4-
P(O)Ph2)] [2.744(1) Å],25 and notably shorter than the values in
other phosphido bridged complexes such as [CpMo(CO)2]2(m-
PMe2)(m-H) [3.262(7) Å],26 [CpMo(CO)2]2(m-PBut

2)(m-H)
[3.247(1) Å],27 and [CpMo(CO)2]2(m-PPh2)(m-H) [3.244(1)
Å].28,29 Furthermore, the length of the Mo–Mo bond in
[Cp*Mo(m-O2CMe)]2(m-PMe2)(m-Me) is marginally longer
than the W–W separation of 2.78 Å in Chisholm’s closely
related tungsten complex, Cp2W2(m-h2-O2CEt)2(m-h1-
O2CEt)(m-NMe2), which has been assigned to a single bond.30

In summary, the reaction of Mo2(m-O2CMe)4 with KCp* in
the presence of PMe3 yields [Cp*Mo(m-O2CMe)]2(m-PMe2)(m-
Me), the formation of which involves a novel P–CH3 cleavage
reaction of PMe3.
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