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Unusual Formation of Cyclometallated C,H-trans-Hydridoruthenium(II) Complexes and Their
Isomerization into C,H-cis-Types
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The aromatic C-H bonds of N-benzylideneanilinc and 2-
phenylpyridine arc cleaved by [RuH2(CO)(PPh3)3] and triethoxy-
vinylsilane at 70-110 °C to give the corresponding cyclometallated
hydridoruthenium(Il) complexes. The X-ray structure analyses
of these complexes reveal that the hydrido ligand is initially situ-
ated trans to aryl group of the cyclometallated moicty and thesc
two ligands are moved mutually into cis-sites by heating.

Ruthenium complex-catalyzed C-H/olefin coupling and its
related reactions have been widely recognized as useful synthetic
processes for carbon-carbon bond formation.!  Generation of an
active ruthcnium(0) species from a dihydridoruthenium(Il) com-
plex [RuH2(CO)(PPh3)3} (1) and successive activation of the C-
H bond arc considered as the key-steps of thesc catalytic rcac-
tions.] However, in spite of the usefulness of these reactions,
ncither real active species nor intermediary cyclometallated hydri-
doruthenium species have been characterized so far. From this
standpoint, we have been working on identification and charac-
terization of the ruthenium species related to the catalytic C-
H/olefin coupling.2 Here we report isolation and characteriza-
tion of cyclometallated hydridoruthenium(Il) complexes derived
from the reactions of 1 with some nitrogen-containing aromatic
compounds such as N-benzylideneaniline and 2-phenylpyridine in
the presence of olcfin.

A benzene suspension (6 cm3) containing the complex 1
(0.1 mmol), N-benzylideneaniline (0.2-0.4 mmol) and triethoxy-
vinylsilane (0.2-0.4 mmol) was sealed under vacuum. After
heating the suspension at 70 °C for 12 h, the seal was broken and
successively the reaction mixture was concentrated under reduced
pressure.  Addition of hexane to the concentrated mixture pre-
cipitated the powder of [Ru(CeH4-CH=NCegH35)H(CO)(PPh3)2],
(2a)? (Scheme 1).
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Scheme 1. i) Tricthoxyvinylsilane and N-benzylideneaniline (for 2) or 2-
phenylpyridine (for 3) at 70 °C; ii) At 110 °C.

Its isomer 2b3 was obtained when the reaction among 1,
tricthoxyvinylsilane and N-benzylideneaniline was carricd out at
110°C for 2 h.  Similarly, 2-phenylpyndine reacted with 1 and
tricthoxyvinylsilane at 70 °C for 12 h and at 110 °C for 3 h to
afford the corresponding cyclometallated hydridoruthenium(II)
complexes, [Ru(CeHs-CsHaN)H(CO)(PPh3)2] (3a and 3b3,
respectively).

The 31P{1H} NMR spectrum of 2a showed a singlct at &

49.8, whereas that of 2b did a singlet at a slightly lower field (at &
52.1).% In the 1H NMR spectra, the hydrido signal of 2a was
observed as a triplet at & -4.76, whereas that of 2b resonated as a
triplet at a higher field (at & -11.77). These spectroscopic fea-
tures are commonly recognized for complexes 3a and 3b.*
Therefore, the NMR data indicate that the isomers of thesc cy-
clometallated hydridoruthenium(II) complexes are classified into
two types of the structure; one type includes 2a and 3a formed
by the reaction at 70 °C and the other does 2b and 3b formed at
110 °C.  When the formation of 3b was traced at 110 °C by the
3lp{1H} NMR spectra, it was observed that 3a was formed ini-
tially and subsequently converted into 3b along with the rcaction
time.

When 1 was treated with 2-phenylpyridine without
triethoxyvinylsilane, 1 did not change at all at 70 °C, but reacted
slowly with 2-phenylpyridine at 110 °C.  The yields of 3a and
3b were 7.4 and 2.2% respectively, after the reaction period of 3
h.  Accordingly, the relative reaction rate for the formation of 3b

The molecular structure of 2b.
Selccled bond lengths (A) and angles (°):
2.342(3); Rul-P2, 2.330(3); Rul-N1, 2.223(9); Rul-C1, 1.89(1); Rul-C2,
2.14(1); Rul-H1, 1.4(1); O1-Cl1, 1.17(1); P1-Rul-P2, 165.90(10); N1-Rul-
C2, 78.7(4); N1-Rul-H1, 140(4); C2-Rul-HL, 67(4); Rul-C1-01, 176(1).

Figure 1.
for clarity except for HI.

Hydrogen atoms are omitted
Rul-P1,
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Figure 2. The molecular structure of 3a. Hydrogen atoms are omitted for
clarity except for H1. Selected bond lengths (A) and angles (*): Rul-P1,
2.355(1); Rul-P2, 2.322(1); Rul-N1, 2.158(4); Rul-C1, 1.845(3); Rul-C15,
2.133(5); Rul-HI, 1.61(4); O1-Cl, 1.156(6) P1-Rul-P2, 170.09G); Nl-
Rul-C15, 77.1(2); N1-Rul-HI, 86(1); C15-Rul-HI, 163(1); Rul-C1-Ol,
178.0(5).

was about 20:1 in the presence and absence of the silane. Then,
a-olefin such as triethoxyvinylsilane is necessary to obtain 3a and
3b in good yields separately and smoothly.

Single-crystal X-ray analyses of 2b> and 3 a® reveal that the
aryl and the hydrido ligands are laid mutually cis in the equatorial
plane of 2b (Figure 1); in contrast, these ligands are situated trans
to each other in 3a (Figure 2). Interestingly, a series of the
C, H-trans-isomers of the cyclometallated hydrido-ruthenium(I)
complexes (2a and 3a) is formed initially at 70 °C and isomerize
into the C, H-cis-isomers (2b and 3b) in the severer conditions.
It is noteworthy that the initial activation of the C-H bond of the
nitrogen-containing aromatic compounds on the ruthenium center
at 70 °C yields the C, H-trans-complexes, in contrast with ordi-
nary oxidative addition which locates the resulting cleaved moie-
ties at cis-sites on a metal center. The unusual formation of the
C, H-trans-complexes of the aromatic compounds means either
that the oxidative addition of the C-H bond gives other type of a
C, H-cis-complex, which is immediately rearranged to the C H-
trans-one’ or that the C-H activation on the ruthenium center does
not proceed vig the ordinary oxidative addition. Previously,
Cole-Hamilton and Wilkinson® reported that [RuH2(PPh3)4] re-
acted with benzophenone at 100 °C to give a cyclometallated hy-
dridoruthenium(II) complex, {Ru{CsH4C(=0)CsHs}H(PPh3)3]
which was ascribed to a C, H-cis type.

Kakiuchi et al.1? reported that the reaction among 1, tri-
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ethoxyvinylsilane, and acetophenone-ds at 50 °C gave no cou-
pling product, but gave rise to H-D scrambling at the three olefinic
hydrogen atoms of recovered triethoxyvinylsilane. These facts
are interpreted well by the initial formation of the C, H-trans-
complexes which could not yicld the coupling product (scc later),
but causc the H-D scrambling via inscrtion of the olefin into the
H-Ru bond and subsequent f-climination.

Reductive climination of a coupling product requires cis-
arrangement of two leaving ligands. Our results statcd above
clucidate that cyclometallated C, H-tfrans-hydridoruthenium(II)
complexes are isomerized into thc corresponding C, H-cis-ones
near 110 °C, at which the catalytic C-H/olefin coupling reactions
have been carried out.]  This is the reason why the catalytic C-
H/olefin coupling reactions need the high temperature near 110 °C.

Complexes 2 and 3 involve both the cyclometallated moiety
and the hydrido ligand, which have been suggested as cssential
parts of the intermediary species in the ruthenium complex-
catalyzed C-H/olefin coupling.!  Especially, N-benzylidene-
aniline is a similar aromatic imine to N-(2-methylbenzylidenc)-
tert-butylamine, which has allowed to be coupled with tricthoxy-
vinylsilane under the similar rcaction conditions.? Therefore, it
is reasonable to consider 2a and 2b as structural models for the
intermediates in the catalytic cycle. Furthermore, 3a and 3b are
very similar to an intcrmediatc proposed for rhodium complex-
catalyzed coupling of 2-phenylpyridine and olefin in spite of dif-
ferences of the central metal and its oxidation number. 10 Further
studics to elucidate the mechanisms for the formation of the C, H-
trans-complexcs and for the frans-cis isomerization and the suc-
cessive reaction with an olefin are now in progress.

The authors thank Prof. Shinji Murai of Osaka University
for valuable discussion on the results of this paper.
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