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Summary: Mo(PMe3)6 reacts with ArOH (Ar ) C6H2Me3,
C6H3Pri2) to give aryloxy-hydride derivatives Mo(PMe3)4-
(OAr)H in contrast to the cyclometalated derivatives that
are obtained for the corresponding tungsten system.
Deuterium labeling and magnetization transfer studies,
however, demonstrate that the coordinatively unsatu-
rated molybdenum complexes Mo(PMe3)4(OAr)H are in
fact kinetically capable of intramolecular oxidative ad-
dition of a C-H bond to yield cyclometalated derivatives
but that the products so obtained are thermodynamically
unstable with respect to the aryloxy-hydride derivatives.

The activation of carbon-hydrogen bonds by transi-
tion metal centers continues to be an important area of
research, with the ultimate goal of achieving selective
functionalization of hydrocarbons.1 Of the most com-
mon nonradical mechanisms for C-H bond activation,
namely (i) σ-bond metathesis, (ii) addition to metal-
ligand multiple bonds, and (iii) oxidative addition, the
lattermost is especially favored for electron-rich transi-
tion metal complexes. We have a particular interest in
the chemistry of such complexes and have demonstrated
that W(PMe3)6 and W(PMe3)4(η2-CH2PMe2)H are ca-
pable of selective intramolecular sp2 and sp3 C-H bond
activation of phenol and its alkyl-substituted deriva-
tives, thereby resulting in the formation of novel four-
and five-membered oxametallacycles, e.g. W(PMe3)4(η2-
OC6H4)H2 andW(PMe3)4[η2-OC6H2Me2(CH2)]H2.2 Since
an appreciation of the factors that promote C-H bond
activation is important, we sought to compare analogous
reactions of the molybdenum counterpart Mo(PMe3)6.3
Significantly, the chemistry of these molybdenum and
tungsten systems proved to be quite distinct with
respect to their ability to achieve C-H bond activation.
Mo(PMe3)6 reacts with an excess of phenol in benzene

to give the orange paramagnetic tetrakis(phenoxy)
complex Mo(PMe3)2(OPh)4, accompanied by elimination
of H2 (Scheme 1).4 Mo(PMe3)2(OPh)4 has been charac-
terized by X-ray diffraction,5 identifying an octahedral
geometry about the metal center, with trans-PMe3

ligands.6 Mo(PMe3)2(OPh)4 provides a striking contrast
to the product of the corresponding tungsten system
which results from sp2 C-H bond activation: specifi-
cally, both W(PMe3)6 and W(PMe3)4(η2-PMe2CH2)H
react with phenol to give the four-membered oxa-
metallacycle W(PMe3)4(η2-OC6H4)H2.2
The formation of a tetrakis(aryloxy) derivative Mo-

(PMe3)2(OAr)4 may be inhibited by increasing the steric
demands of ArOH. Indeed, incorporation of substitu-
ents into both ortho-positions allows aryloxy-hydride
complexes Mo(PMe3)4(OAr)H to be isolated. For ex-
ample, Mo(PMe3)6 reacts with 2,4,6-trimethylphenol and
2,6-diisopropylphenol to give the purple diamagnetic
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complexes Mo(PMe3)4(OC6H2Me3)H and Mo(PMe3)4-
(OC6H3Pri2)H, respectively (Scheme 1). Decisive char-
acterization of the products as aryloxy-hydride com-
plexes is provided by NMR spectroscopy.7 For example,
the 1H NMR spectra of Mo(PMe3)4(OC6H2Me3)H and
Mo(PMe3)4(OC6H3Pri2)H exhibit triplet of triplet reso-
nances attributable to Mo-H ligands at δ -6.59 (JP-H
) 23, 84 Hz) and -6.53 (JP-H ) 22, 85 Hz), respectively.
Furthermore, the observation of doublet resonances in
the selectively decoupled 31P{1H-P(CH3)3} spectra pro-
vides convincing evidence that each complex contains
only a single Mo-H ligand.8

The molecular structures of Mo(PMe3)4(OC6H2Me3)H
and Mo(PMe3)4(OC6H3Pri2)H have been determined by
X-ray diffraction (Figure 1).5 Neglecting the hydride
ligand, the coordination environment about molybde-
num is based on a trigonal bipyramid, with axial PMe3
ligands; the hydride ligand appears to be located close
to the equatorial plane and trans to the aryloxy sub-
stituent.9 As such, the trans arrangement of the aryloxy
and hydride ligands contrasts with the cis geometries
observed for the related 18-electron octahedral com-
plexes Ru(PMe3)4(OC6H4Me)H10 and [Ir(PMe3)4(OMe)H]-
[PF6].11 Moreover, consistent with the suggestion that
the hydride ligands of Mo(PMe3)4(OC6H2Me3)H and
Mo(PMe3)4(OC6H3Pri2)H are best described as trans to
an aryloxy rather than a PMe3 ligand, the hydride
signals in the 1H NMR spectra do not exhibit the large
trans JP-H couplings of ca. 100 and 145 Hz that are
observed for Ru(PMe3)4(OC6H4Me)H10 and [Ir(PMe3)4-
(OMe)H][PF6],11 respectively.12

Since the aryloxy complexes Mo(PMe3)4(OAr)H are
formally 16-electron (d4), lone pair π donation from
oxygen is presumably operative.13 Consequently, the
Mo-OAr bond lengths in Mo(PMe3)4(OAr)H [Ar ) C6H2-

Me3, 2.065(3) Å; Ar ) C6H3Pri2, 2.072(6) Å] are inter-
mediate between those in the formally 14-electron
complex Mo(PMe3)2(OPh)4 [1.958(3) and 1.966(3) Å] and
the 18-electron derivative Mo(PMePh2)2(O-2,6-C6H3-
Ph2)H [2.164(5) Å].6d,14,15

The isolation of the molybdenum aryloxy-hydride
complexes Mo(PMe3)4(OAr)H is of particular signifi-
cance since the tungsten analogues were postulated to
be the intermediates responsible for the C-H bond
activation reactions in the corresponding tungsten
system. For example, the five-membered oxametalla-
cycle W(PMe3)4[η2-OC6H2Me2(CH2)]H2 was proposed to
be formed via intramolecular oxidative addition of one
of the ortho-methyl C-H bonds to the tungsten center
in the intermediate [W(PMe3)4(OC6H2Me3)H].2 The
ability to isolate molybdenum species that correspond
to reactive intermediates for tungsten is presumably a
consequence of the fact that a second-row transition
metal typically forms weaker bonds to carbon and
hydrogen than does the corresponding third-row metal.16
Consequently, the energy required to break the C-H
bond is not compensated by the formation of Mo-C and
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Connor, J. A. Pure Appl. Chem. 1985, 57, 79-88.

Figure 1. Molecular structure of Mo(PMe3)4(OC6H2Me3)H.

Scheme 2
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Mo-H bonds.17 Thus, for molybdenum, the equilibrium
between the aryloxy derivative and its cyclometalated
counterpart lies in favor of the former species, while for
tungsten the latter prevails. The relative energetics of
these two equilibria resembles that of the cyclometala-
tion equilibria involving M(PMe3)6 and M(PMe3)4(η2-
CH2PMe2)H, for which the equilibrium constant for the
tungsten system is a factor of ca. 2 × 103 greater than
that for molybdenum at 30 °C.3a
Evidence that the molybdenum aryloxy-hydride com-

plexes are indeed in equilibrium with their cyclo-
metalated derivatives, and that C-H bond activation
is kinetically feasible, is provided by magnetization
transfer and deuterium exchange studies. For example,
proton magnetization transfer is observed between the
Mo-H ligands and the ortho-methyl substituents of the
aryloxy group in Mo(PMe3)4(OC6H2Me3)H. Likewise,
scrambling of deuterium into the ortho-methyl groups
is observed in the reaction of Mo(PMe3)6 with 2,4,6-
Me3C6H2OD. Both of these processes can be rational-
ized in terms of a mechanism that involves the revers-
ible formation of a five-membered oxametallacycle-
dihydride complex via sp3 C-H bond activation, thereby
permitting site exchange, as illustrated in Scheme 2.18
In summary, the reactions of Mo(PMe3)6 with phenol

and its derivatives provide some interesting contrasts
with the corresponding reactions of the tungsten com-
plexes W(PMe3)6 and W(PMe3)4(η2-CH2PMe2)H. Specif-

ically, the tendency to achieve C-H bond activation for
a molybdenum center is reduced considerably from that
for a tungsten center, so that the products of the
molybdenum system are simple aryloxy derivatives, e.g.
Mo(PMe3)2(OPh)4 and Mo(PMe3)4(OAr)H, whereas cy-
clometalated derivatives, e.g. W(PMe3)4(η2-OC6H4)H2

and W(PMe3)4[η2-OC6H2Me2(CH2)]H2, are obtained for
the tungsten system. Such differences are attributed
to weaker M-C and M-H bond energies for molybde-
num compared to tungsten.
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(17) It must also be recognized that the oxidative addition of the
C-H bond will be accompanied by loss of oxygen to metal π-donation.

(18) It is, of course, possible that the six-coordinate complexes
Mo(PMe3)4(OAr)H may dissociate PMe3 prior to the C-H bond activa-
tion step; cf. the mechanism for oxidative addition of H2 to W(PMe3)4I2.
See: Rabinovich, D.; Parkin, G. J. Am. Chem. Soc. 1993, 115, 353-
354.
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