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Amidinates have been one of the actively investigated ligands
for transition metals in recent yeargspecially in relation to
cyclopentadienyl alternatives in early transition metal com-
plexes?2 It is also important that they are one of the most versatile
bridging ligands to stabilize a wide variety of dinuclear transition
metal complexes with various orders of-M1 bonds?*® In these

complexes, amidinate ligands are, in general, bound to the metal

centers through two metahitrogeno-bonds, and act as either
bidentate or bridging four-electron donors as showA ior B in
Scheme 1. Although possible coordinationeglectrons in the
amidinates has been proposed by Kiln€rif Scheme 1}2to

the best of our knowledge, there has been no report on the

complexes in which amidinates actually behave madonor
ligands® We have recently reported the synthesis of new
ruthenium-aminidate complexesy¥-CsMes)Ru(amidinatey. Spec-
troscopic evidence and high reactivity toward two-electron donor
ligandg2and allylic halide® suggested that these complexes have
16-valence electrons, in which the amidinate ligands act as

bidentate four-electron donors as usual. However, short bondeoound,3aor 3b, as diamagnetic brownish red solid in good yield.

distances between the ruthenium atom and central carbon of th
amidinate ligand in crystal structures of two of the complexes
raised suspicion in our minds that the coordinatively unsaturated
nature of the ruthenium center may effectively be mitigated by
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intramolecularz-coordination of the amidinate ligands. In this
paper, we wish to report synthesis and structural determination
of novel dinuclear ruthenium complexesyS{CsMes)Ru(u,-
amidinate)Ru(X)g®-CsMes) [3a (X = Cl), 3b (X = Br)] and their
derivatives, providing the first unequivocal evidence that conju-
gateds-electrons of the amidinate ligands can coordinate to the
transition metal species as shownDnin Scheme 1.

Formation of the complexe8a and 3b was unexpectedly
discovered by experiments examining whether highly reaciite (
CsMes)Ru(amidinate) 1) might be reactive with transition metal
fragments. Treatment dfwith “(°>-CsMes)RuX” species in situ
formed from [(®>-CsMes)RuX]; (2ac X = Cl, 2b: X = Br)®in
THF at room temperature afforded a novel diruthenium com-

Alternatively,3aor 3b can be directly synthesized quantitatively
by treatment of 2 equiv of LiPrN=C(Me)—N'Pr]’2 with 2a or

2b, as shown in Scheme 2. Dinuclear structuresSafand 3b
containing two GMes groups, one amidinate ligand, one halogen,
and two rutheniums were suggested from mass spectra [MH
649 (3a), 694@b)] and elemental analysfs'H NMR spectrum

of 3aor 3b in THF-dg at room temperature showed that there are
two magnetically inequivalentMes groups and one amidinate
moiety, in which two isopropyl groups of the amidinate ligand
appeared as a single set of signals consisting of two doublets and
one septet. The methyl group bonding with the central carbon of
the amidinate ligand was visible as a singlet. These spectral data
suggest that there i€s symmetry in the molecule, of which a
mirror plane includes centers of twa@es ligands, two Ru atoms,
and the central carbon of the amidinate ligand. Thisymmetric
structure was also supported by appearance of'#heesonances

in the 13C NMR spectrum of3a or 3b. Significant upfield shift

of a °C resonance due to the central carbon of the amidinate
ligand  124.2 ppm in3a, 6 124.9 ppm in3b), which is ~40
ppm higher than that observed P{CsMes)Ru(@;-amidinate)(L)
reported earlief? strongly indicates that there is a bonding
interaction between the Ru atom and this carbon.

The molecular structure &b determined by X-ray diffraction
study is consistent with that suggested from the above-described
spectroscopic data as shown in Figuré There is a mirror plane
including centers of two Mes ligands, Rul, Ru2, C1 and Br.
The Rul-Ru2 distance (2.8552(4) A) indicates existence of a
Ru—Ru single bond2 Two nitrogen atoms are bound to the Rul
atom with Ru-N distances of 2.136(3) A and 2.146(3) A.
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Figure 1. The ORTEP drawings d3b (Ieft) and4 (right) with thermal
ellipsoids drawn at the 50% probability level. The Br atord is omitted
for clarity. Figures in the inset are bond lengths (A).
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Conjugater-electrons of the amidinate ligand are bonded with
the Ru2 atom in ther-allyl coordination mode with Ru2N1,
Ru2-N2, and Ru2-C1 bond distances of 2.106(3), 2.111(3), and
2.104(4) A, respectively. This-allyl coordination lengthens N4
C1(1.387(5) A) and N2C1 (1.388(5) A) bond distances, which
are longer than that of)f-CsMes)Ru(z-amidinate)(L) by 0.06
0.07 A’2which has nar- coordination of the amidinate ligands.
Although this unusuat-coordination of the amidinate ligand
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Reaction of3b with CN—(2,4,6-Me—CgH,) in CH,CI, at room
temperature gave §f-CsMes)Ru(uz-amidinate)Ru(CN-Ar)(#°-
CsMes)] "Br~ (4) in good yields. Similar cationic complexesy§{
CsMes)Ru(u-amidinate)Ru(CO)>-CsMes)|*Br~ (5) and [(°-
CsMes)Ru(uz-amidinate)Ru(PMg(175-CsMes)] "Br~ (6) were also
synthesized by the reactions 8b with CO and PMg, respec-
tively. Complete characterization dfand5 was carried out by
spectroscopic methodsH and *C NMR, IR) and elemental
analysist' These spectroscopic data as well as the molecular
structure of4 determined by X-ray analysis (Figure'ashowed
that4 and5 haveu,-amidinate ligands which support the Ru

Ru bond byr-allyl coordination. Reaction db with PMe; gave

an analogous dinuclear compléxhowever, coordination of PMe

to the ruthenium center was reversible, &wdas identified by
spectroscopy in solution only at low temperatutfeaAttempted
isolation by concentration of the reaction mixture in vacuo resulted
in complete regeneration &b.

In summary, we synthesized the first transition metal com-
plexes in which the amidinate ligandP{N=C(Me)—N'Pr]-, acts
as a bridging eight-electron donor to stabilize a dinuclegf- [(
CsMe)sRu—Ru(X)(°-CsMe)s] *; this is a new coordination mode
of u?-amidinate ligand:>3In addition to the great interest in these
complexes as an intriguing starting point of a novel type of
dinuclear ruthenium complexes, of importance is that this result
offers indisputable experimental proof of the possibleoordina-
tion of amidinate ligands. We believe that coordination of
m-electrons in the amidinate ligands could play a more important
role than chemists had expected in stabilizing both mono- and
multinuclear transition metal species, which include intermediates
or transition states of organometallic reactions; previously pro-
posed effective stabilization of{-CsMes)Ru@y-amidinate) species
by intramolecular coordination of-electrons of the amidinate
ligand is one example. Further investigation of the coordinating
ability of m-electrons of the amidinate ligands and reaction
chemistry starting fron8b or 3ais in progress.
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