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Summary: Successive O-C and sp3 C-H bond activa-
tion occurs in the reaction of Ru(COD)(COT) (1)/PMe3

with allyl 2,6-xylyl ether to give Ru[OC6H3(o-CH2)(o′-
Me)](PMe3)4 (4). Alternatively, 4 can be obtained by
O-H and sp3 C-H bond activation in 2,6-xylenol by
1/PMe3. In both cases, an η3-allyl fragment could be
responsible for the sp3 C-H bond activation.

C-H bond activation by transition-metal complexes
is an important area of organometallic chemistry, due
to its potential utility in organic synthesis.1 Although
most recent efforts in this area concern the activation
of simple alkanes, selective C-H bond activation of
functionalized molecules is also important. Examples2
of this are known with low-valent ruthenium complexes,
e.g., regioselective C-H bond activation in acrylates3
and catalytic ortho C-H bond activation in pyridines4
and aromatic ketones.5 These results show the impor-
tance of prior coordination to bring the unreactive C-H
bond near the metal center. Although substitution at
ortho positions in a ligand has been used to block
undesired orthometalation6 or to increase steric conges-
tion, C-H bond activation of ortho substituents by late-
transition-metal complexes is relatively unexplored.7
Published examples include the sp3 C-H bond activa-
tion of ortho-substituted aryloxo ligands by group 6

transition metals8 and ortho-substituted phenyl isocya-
nides by RuH(naphthyl)(dmpe)2.9

In the C-H bond activation process, the presence of
a hydrogen acceptor may facilitate metal-carbon bond
formation. We have previously reported oxidative ad-
dition of the O-C bond of allyl esters in the presence of
Ru(1,5-COD)(1,3,5-COT) (1; COD ) cyclooctadiene, COT
) cyclooctatriene) and a tertiary phosphine to give Ru-
(OCOR)(η3-C3H5)(PR′3)3.10 Because η3-allyl ligands are
known to be good hydride and halide acceptors,11 we
anticipated that the η3-allyl group in the ruthenium
complexes could promote further intramolecular activa-
tions. In this paper, we wish to communicate successive
O-C/O-H and sp3 C-H bond activations of ortho
substituents in allyl phenyl ethers and phenols by 1 in
the presence of tertiary phosphines under neutral and
mild conditions.
The reaction of allyl phenyl ether with 1 at 50 °C in

the presence of PMe3 resulted in the formation of Ru-
(OPh)(η3-C3H5)(PMe3)3 (2) in 37% yield (Scheme 1);12 the
molecular structure of 2 is depicted in Figure 1.13

The structure of 2 shows that oxidative addition of
the O-C bond of the ether had occurred to give an (η3-
allyl)(phenoxo)ruthenium(II) complex. Similarly, treat-
ment of 1/PMe3 with allyl 2-tolyl ether resulted in
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oxidative addition of the O-C bond to give Ru[OC6H4-
(o-Me)](η3-C3H5)(PMe3)3 (3) in 30% yield. Although
oxidative addition of the O-C bond of ethers to group
10 metals is well-established,14 such a reaction with
ruthenium is unprecedented.
When allyl 2,6-xylyl ether was employed in this

reaction, the analogous (η3-allyl)ruthenium(II) complex

was not formed and a new oxaruthenacycle complex, Ru-

[OC6H3(o-CH2)(o′-Me)](PMe3)4 (4), was isolated in 20%
yield with evolution of propylene (28%). The 31P{1H}
NMR spectrum of 4 showed an AM2X pattern at -13.8
(td, J ) 24, 13 Hz, 1P), -0.96 (dd, J ) 32, 24 Hz, 2P),
and 10.7 ppm (td, J ) 32, 13 Hz, 1P), indicating two
trans and two cis PMe3 ligands in an octahedral
geometry. The 1H NMR spectrum showed three mag-

netically inequivalent PMe3 ligands at 0.90 (d, J ) 7.2
Hz, 9H), 1.00 (t, J ) 2.9 Hz, 18H), and 1.17 ppm (d, J
) 5.7 Hz, 9H), where the virtual triplet at 1.00 ppm
indicates two mutually trans PMe3 ligands. One of the
most significant features in the 1H NMR spectrum is a
triplet of triplets at 2.68 ppm, assignable to the ortho
methylene group coupled to two magnetically equivalent
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Scheme 1

Figure 1. ORTEP drawing of 2. All hydrogen atoms are
omitted for clarity. Bond distances and angles for 2 are
included in the Supporting Information.
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and two inequivalent phosphorus atoms that acciden-
tally have similar coupling constants, while the ortho
methyl group appears as a singlet at 2.53 ppm.
The oxaruthenacycle 4 may be formed via an (η3-

allyl)(aryloxo)ruthenium(II) intermediate. It is likely
that this reaction involves oxidative addition of the C-H
bond of the ortho methyl group, followed by reductive
elimination of the allyl and the hydrido ligands, or direct
hydrogen abstraction by the allyl moiety. In either case,
the allyl ligand acts as an acceptor of the methyl’s
hydrogen. No trace of signals assignable to the proposed
intermediate could be detected during the reaction by
NMR, from which we conclude that once the O-C bond
is cleaved, the sp3 C-H reacts rapidly.
Complex 4 can also be obtained in 14% yield by the

reaction of 1 with 2,6-xylenol in the presence of PMe3
at 70 °C for 2 days. An NMR study revealed that this
reaction initially gave fac-Ru((6-η1):(1-3-η3)-C8H10)-
(PMe3)3 (5;15 36%), followed by formation of 4 (30%) with
liberation of 1,3-COD (34%). Accordingly, the yield of
4 was improved to 91%, when the isolated 5 was used
as the starting complex. Thus, complex 5 is an inter-
mediate in this reaction, with the allyl moiety in 5
behaving as a hydrogen acceptor in the C-H bond
activation process.
When 2-allylphenol was reacted with 5, the oxaruth-

enacycle Ru[OC6H4(o-η3-C3H4)](PMe3)3 (6a) was isolated
in 11% yield. Similarly, treatment of 2-allylphenol with
1/PEt3 gave the PEt3 analogue 6b in 39% yield, the
structure of which is shown in Figure 2.16 Generation
of hydrogen was not observed by Toepler pump during
the reaction. NMR studies suggest that the reaction
goes to completion in over 38 h at 50 °C, with generation
of free 1,5-COD (86%) and 1,3-COD (82%). These facts
suggest that hydrogen atoms from the hydroxy and the
allyl groups in 2-allylphenol are used for the hydrogena-
tion of 1,3,5-COT to 1,3-COD.
An interesting feature of the oxaruthenacycle 6b is

the iodine-induced reductive elimination to give 2H-
benzopyran in 37% yield under ambient conditions.17
Such C-O bond formation mediated by transition
metals is quite rare, although reductive elimination

between acyl and alkoxo/aryloxo groups is well docu-
mented.18 This reaction represents the transformation
of 2-allylphenol to benzopyran via sp3 C-H bond activa-
tion. Investigations of the reaction mechanism and
possible catalytic applications in organic synthesis are
in progress.
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Figure 2. ORTEP drawing of 6b. All hydrogen atoms are
omitted for clarity. Bond distances and angles for 6b are
included in the Supporting Information.
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