
C-H versus O-H Bond Cleavage Reactions of
Bis(2-hydroxyphenyl)phenylamine, PhN(o-C6H4OH)2: Synthesis and

Structural Characterization of Mononuclear and Dinuclear
Tungsten Aryloxide Complexes Which Exhibit Bidentate,

Τridentate, and Tetradentate Coordination Modes

Bryte V. Kelly, Joseph M. Tanski, Kevin E. Janak, and Gerard Parkin*

Department of Chemistry, Columbia UniVersity, New York, New York 10027

ReceiVed August 11, 2006

Summary: The phenylimino-bridged diphenol PhN(o-C6H4OH)2
reacts with W(PMe3)4(η2-CH2PMe2)H to yield a Variety of
mononuclear and dinuclear complexes that include [κ2-PhN(C6H4-
OH)(C6H3O)]W(PMe3)4H2, [µ-κ2,κ2-PhN(C6H3O)2]{W-
(PMe3)4H2}2, [κ3-PhN(C6H4O)2]W(PMe3)3H2, [κ4-N(C6H4)-
(C6H4O)2]W(PMe3)3H, and [κ2-PhN(C6H4O)2] 2W(PMe3)2 Via
O-H and C-H bond actiVation reactions. Structural charac-
terization of these compounds by X-ray diffraction demonstrates
that the deriVed alkoxide ligand is structurally flexible and can
adopt bidentate, tridentate, and tetradentate coordination modes.

Introduction

Alkoxide (OR) and aryloxide (OAr) ligands have been
employed extensively in organometallic chemistry,1 with ap-
plications in areas as diverse as olefin and acetylene metathesis2

and materials chemistry.3 The widespread use of these ligands
is commonly associated with their ability to stabilize a variety
of coordination environments. Specifically, alkoxide and ary-
loxide ligands are electronically versatile due to the availability
of two lone pairs on the oxygen atom that allow them to function
as one-electron (X), three-electron (LX), or five-electron (L2X)
donors4 depending upon the electronic needs of the metal center.
Furthermore, the steric demands of alkoxide and aryloxide
ligands may also be readily modified, as exemplified by the
very bulky OCBut3 ligand.5 In addition to mono(aryloxide)
ligands, considerable attention has been given to the application
of bis- and poly(aryloxide) ligands. With respect to bis-
(aryloxide) ligands, the majority of studies have been devoted
to biphenolate or binaphtholate derivatives in which the two
aryloxide moieties are directly linked together,6 but more
recently attention has been given to derivatives in which the
aryloxide groups are attached by a linker.7-10 Since the nature
of the linker modifies the chemistry of the system,11 we are
interested in developing the application of bis(aryloxide) ligands
that feature a nitrogen bridge, with particular emphasis being
given to the chemistry of the early transition metals. In this
paper, we describe the reactivity of the phenylimino-bridged

diphenol PhN(o-C6H4OH)212,13 towards W(PMe3)4(η2-CH2-
PMe2)H, thereby resulting in a series of O-H and C-H bond
activation reactions to give products that feature (i) bidentate
κ2-O2 andκ2-OC, (ii) tridentateκ3-O2N, and (iii) tetradentate
κ4-O2CN coordination modes.

Whereas the tris(phenol) N(o-C6H4OH)3 has been used to
prepare a variety of transition-metal derivatives,14 counterparts
of the structurally related diphenol PhN(o-C6H4OH)2 have not
previously been reported.15 It is, therefore, noteworthy that an
array of tungsten complexes may be obtained via treatment of
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W(PMe3)4(η2-CH2PMe2)H with PhN(o-C6H4OH)2, with the
nature of the product being critically dependent on stoichiometry
(Scheme 1). For example, W(PMe3)4(η2-CH2PMe2)H reacts with
PhN(o-C6H4OH)2 in a 1:2 molar ratio to yield the octahedral
bis(diphenolate) complex [κ2-PhN(C6H4O)2]2W(PMe3)2 (1) via
reaction with the O-H bonds of two PhN(o-C6H4OH)2 mol-
ecules.16 In contrast, the corresponding reaction with a 1:1 molar
ratio results in both O-H and C-H bond activation, yielding
[κ2-PhN(C6H4OH)(C6H3O)]W(PMe3)4H2 (2) (Scheme 1), in
which one of the O-H bonds remains intact and participates
in a O-H‚‚‚O hydrogen-bonding interaction with the oxygen
atom of the aryloxide moiety (Figure 1). Despite the hydrogen-
bonding interaction, the O-H bond in [κ2-PhN(C6H4OH)-
(C6H3O)]W(PMe3)4H2 (2) is reactive and treatment with
W(PMe3)4(η2-CH2PMe2)H results in the formation of the

dinuclear complex [µ-κ2,κ2-PhN(C6H3O)2]{W(PMe3)4H2}2 (3),
which corresponds to an overall 2:1 stoichiometry.

The formation of [κ2-PhN(C6H4OH)(C6H3O)]W(PMe3)4H2 (2)
in the 1:1 reaction is of particular note, because the bidentate
κ2-O,C coordination mode demonstrates that oxidative addition
of the C-H bond of the aryloxy ligand is favored over oxidative
addition of the second O-H bond. In this regard, we have
previously demonstrated that ortho C-H bond activation to give
four-membered oxametallacycles is a common feature of the
reactions of W(PMe3)4(η2-CH2PMe2)H with phenols and have
established that this preference is kinetic in origin.17,18 Sup-
porting this notion, the C-H bond cleavage reaction is reversible
and [κ2-PhN(C6H4OH)(C6H3O)]W(PMe3)4H2 (2) converts to [κ3-
PhN(C6H4O)2]W(PMe3)3H2 (4) upon heating at ca. 60 °C
(Scheme 2).19 The molecular structure of [κ3-PhN(C6H4O)2]W-
(PMe3)3H2 (4) has been determined by X-ray diffraction (Figure
2), thereby demonstrating that, in contrast to [κ2-PhN-
(C6H4O)2]2W(PMe3)2 (2), the nitrogen atom also coordinates
to the metal center;20 as such, the ligand adopts a tridentate
κ3-O2N mode.
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Scheme 1

Figure 1. Molecular structure of [κ2-PhN(C6H4OH)(C6H3O)]W-
(PMe3)4H2 (2).
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A further example of the structural versatility of this system
is provided by the observation that [κ3-PhN(C6H4O)2]W-
(PMe3)3H2 (4) reductively eliminates H2 at ca. 80 °C to give
[κ4-N(C6H4)(C6H4O)2]W(PMe3)3H (5) via oxidative addition of
the ortho C-H bond of the phenyl substituent, thereby generat-
ing a tetradentatetripodal ligand. [κ4-N(C6H4)(C6H4O)2]W-
(PMe3)3H (5) has been structurally characterized by X-ray
diffraction (Figure 3), and the W-N bond length (2.271(8) Å)
is substantially shorter than that in theκ3 precursor, [κ3-PhN-
(C6H4O)2]W(PMe3)3H2 (4) (2.451(4) Å), an observation that
may be associated with the geometrical constraint imposed by
formation of the W-C bond. The formation of [κ4-N(C6H4)-

(C6H4O)2]W(PMe3)3H (5) is reversible, and treatment with H2

(1 atm) regenerates [κ3-PhN(C6H4O)2]W(PMe3)3H2 (4) (K ≈
103 M-1 at 80°C).

The interconversion of [κ3-PhN(C6H4O)2]W(PMe3)3H2 (4)
and [κ4-N(C6H4)(C6H4O)2]W(PMe3)3H (5) presumably proceeds
via the 16-electron intermediate{[κ3-PhN(C6H4O)2]W(PMe3)3}.
Evidence in support of this statement is provided by the
observation that [κ3-PhN(C6H4O)2]W(PMe3)3H2 (4) reacts with
CO and C2H4 to give the bis(carbonyl) and bis(ethylene)
complexes [κ3-PhN(C6H4O)2]W(PMe3)2(CO)2 (6) and [κ3-PhN-
(C6H4O)2]W(PMe3)(C2H4)2 (7), which may be viewed as
derivatives of{[κ3-PhN(C6H4O)2]W(PMe3)3}. While the car-
bonyl complex is an 18-electron derivative, the ethylene complex
is formally a 16-electron compound; closely related precedents
are, nevertheless, provided by W(PMe3)2(C2H4)2Cl2 and
W(PMe3)2(C2H4)2(Me)(ClAlMe2Cl).21

In summary, the diphenol PhN(o-C6H4OH)2 has proven to
be a useful reagent for preparing a variety of tungsten aryloxide
compounds. Structural characterization of these compounds by
X-ray diffraction demonstrates that the derived alkoxide ligand
is structurally flexible and can adopt bidentate, tridentate, and
tetradentate coordination modes and can also link two metal
centers together. The ability to synthesize the dinuclear complex
[µ-κ2κ2-PhN(C6H3O)2]{W(PMe3)4H2}2 (3) suggests that the
reactivity of the O-H bond in [κ2-PhN(C6H4OH)(C6H3O)]W-
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Scheme 2

Figure 2. Molecular structure of [κ3-PhN(C6H4O)2]W(PMe3)3H2

(4).

Figure 3. Molecular structure of [κ4-N(C6H4)(C6H4O)2]W(PMe3)3H
(5).
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(PMe3)4H2 (2) may enable the synthesis of heterobimetallic
complexes, an area that is currently being investigated.
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