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The coordinatively unsaturated ruthenium(l1) complexes
[Ru(17®-C4Re)(n-amidinate)] "X~ (R = H, Me, X = TFPB, PFy), being
isoelectronic with Ru(17>-CsMe)(n-amidinate), have been isolated
and characterized by spectroscopy and crystallography. A wesk 7¢
coordination of the amidinate ligands in the solid state was observed
by X-ray crystalography. DFT caculations also suggest that such a
coordination mode contributes to the stahilization of these complex-
es. These complexes behave as highly reactive transition metal
Lewisacidsin the reactions with various two-electron donor ligands.

Coordinatively unsaturated organometallic complexes have been
recognized as important intermediates in homogenous catdysis, and
their preparation has attracted much attention.® In recent years, sever-
d sable coordinatively unsaturated ruthenium complexes have been
isolated and their reactivity towards various organic substrates has
been invedtigated.? Factors stabilizing these complexes are steric hin-
drance by bulky ligands 24 srong o-donation of N-ligands 2! or 7¢
donation of ligands?9+ We have recently reported the successful
isolation of Ru(17>-CsMes)(n-amidinate) (1) in which the amidinate
ligand effectively stabilizes the highly reactive metal center.32
Amidinates usualy act as 4-electron o-donor ligands forming two
strong Ru-N bonds, and 1 isthusformally acoordinetively unsaturat-
ed 16-dectron complex. In fact, the complexes 1 ingtantly react with
various two dectron donor ligands or alylic halides3a®  Although
one explanation why the amidinate ligand stabilizes the 16-lectron
ruthenium species is strong o-donation of the ligand as seen in
Kirchner's complexes 2 possible 7ecoordination of the amidinate
ligand as an additiona stahilizing factor has been suggested from X-
ray structures of 1, and has been evidenced very recently by theisola-
tion of Ru,(n>-CsMey),Br(L,,n-amidinate). > As an extension of
these studies, we were interested in the synthesis of isoelectronic
cationic complexes, [Ru(n®-C4Rs)(n-amidinate)]*, where coordina-
tion of solvents or counter anions is absent. The highly reactive
[Ru(n®-C4Rg)(n-amidinate)] "X~ [R = H, X = TFPB (3a), or R=Me,
X = TFPB (3d) or PR (4d)] (TFPB = [tetrakis{ 3,5-bis(trifluo-
romethyl)phenyl} borate]) thus obtained is the first example of a
cationic ruthenium-amidinate complex showing sgns of coordinative
unsaturation.

As shown in Scheme 1, halogeno-precursors 2a—2d were
obtained by the reaction of [Ru(r8-C4Rg)Cl,], with Li(amidinate) in
THF. These complexes were characterized by spectroscopic methods
and X-ray structure determination.®® Anion exchange of 2 with
NaTFPB in CgHsF or AgPFg in CH,Cl, gave the TFPB complexes 3
or PFg complexes 4. The complexes 3a, 3d, and 4d having bulky
subgtituents on the amidinate or the arene ligand were isolable in
good yields (62-93%) asair and moisture sensitive blue solids* Less
stable 3b and 3c were characterized by NMR, but attempted isolation
of them has so far been unsuccessful. Preparation of PR, homol ogues

bearing the CgH; ligand (4a—4c) led to decomposition of the product,
presumably due to facile abstraction of fluorine atoms from the count-
er anion by the highly eectrophilic metal center.
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Scheme 1.

Characterization of the complexes 3a, 3d, and 4d was carried out
by spectroscopic methods and dementad analyses, which was support-
ed by the X-ray dructure determination of 4d. The ORTEP drawing
of 4d isshown in Figure 1.5 Thismolecular structureindicatesthat the
complex 4d is monomeric. Neither the counter anion nor the solvent
was coordinated.57 In other words, the complexes 3a, 3d, and 4d exist
asanionpair. The caionic ruthenium center should be coordinaively
unsaturated, if the formal electron count (amidinate = 4-electron
donor) is adopted. Of importance is the distance between the rutheni-
um atom and the centra carbon of the amidinate, 2.431(5) A, which
indicates existence of the bonding interaction; asimilar Ru—C distance
of coordingtively saturated 2d is2.570(10) A. The shorter Ru-C (cen-
ter of the amidinate) distance actualy provided the folded structure
shown in Figure 1, in which a plane conggting of the ruthenium atom
and two nitrogen atoms makes an angle of 31.4° with a plane of the
amidinate N-C-N moiety. This folded structure of 4d is smilar to
that seen in the isodlectronic complexes 1, suggesting that possible e
coordination of the amidinate ligand could mitigate the coordinatively
unsaturated nature of [Ru(r78-arene)(n-amidinate)] .

Variable temperature NMR studies of [Ru(n-arene)(n-amidi-
nate)]* in CD,Cl,, in which the diastereotopic N-"Pr groups of the
amidinate ligand is a convenient probe to observe stereochemical
change of the complexes, e.g. from a C,,-symmetric structure
shown in Scheme 1 to the folded structure in Figure 1, did not
afford evidence of Trinteraction of the amidinate ligand. Thus, *H
resonances due to methyl protons of the 'Pr groupsin the amidinate
of 3b, 3d, and 4d gppeared around & 1.0-1.5 ppm as a single dou-
blet in the temperature range from —90 °C to room temperature,
showing that the complex has a C,, symmetric structure. These
results indicate that even if there exists the Trinteraction of the
amidinate in the complexes 3 and 4 in solution, it is weak,
reversible, and unable to detect on the NMR time scde. The solu-
tion dynamics also suggesst that possible coordination of the count-
er anion or solvent cannot be ruled out in solution. However, that is
reversible and cannot be detected by the NMR technique.

Copyright © 2001 The Chemical Society of Japan



Chemistry Letters 2001

Figure 1. The ORTEP drawing of 4d with thermal ellipsoids drawn at the 50%
probability level. ~ All hydrogen atoms and the counter anion are omitted for clarity.
Representative bond distances (A) and angles (°) are as follows: Rul-N1 =2.058(4),
Rul-N2 =2.065(4), N1-Rul-N2 = 64.48(16), N1-C19-N2 = 110.2(4).

The existence of aweak recoordinetion of the amidinate ligand
isaso evident from DFT caculations (B3LYP level) with the model
species [Ru(n®-CgHe){ n-(NH),CH}]*.8 The optimized structure
reveds a“folded” amidinate ligand with abond distance between the
ruthenium atom and the centra carbon of the amidinate ligand of 2.40
A. Theinverson of the folded C, symmetric structure proceeds
through aplanar C,,-symmetric transition state with avery smal acti-
vetion barrier of 3.3 kea / mol which iseasly overcome under exper-
imenta conditionsin line with the above NMR experiments.

Similar to the complexes 1 the [Ru(178-CgHg)(n-amidinate)]*
species are highly reactive towards various two dectron donor lig-
ands. For ingtance, 3a ingtantly reacted with PPh,, pyridine, 'BuNC,
CO, and ethylene in CH,CI,, to give the corresponding adducts
[Ru(n®-CgHg)(n-amidinate) (L) *TFPB~ (5-9) in high yields.
(Scheme 2) However, the dectronic character of the complexes 3 is
very different from their isoelectronic complexes 1. The CO diretch-
ing frequency of 8 [Vo; 2050 cnY] is the highest among those of
previously reported half-sandwich ruthenium(ll) carbonyl
complexes® Thisisin sharp contrast to the low Vg of [Ru(i7*-
CMe){ n-(N'Bu),CPh} (CO)] (1888 cnr?).2 Furthermore, rotation
of the ethylene ligand about the axis including the ruthenium atom
and center of the ethylene in 9 was not frozen even a —100 °C in
CD,Cl,, while in Ru(n>-CsMes){ n-(N'Bu),CPh} (7>-CH,=CH,) no
dynamic behavior of ethylene was observed in THF-dg a —60 °C.3
The lower rotational barrier of ethylene in 9 than that in Ru(n®-
C:Mey)(n-amidinate)(n?-CH,=CH.,) indicates aweaker Teback dona-
tion of the ruthenium to the ethylene ligand. In sharp contrast to the
reversible coordination to 1 having Tedonor property, pyridine was
irreversibly bound to the cationic metal center of 3a. These data
show that [Ru(n®-CgHg)(n-amidinate)]* is a typica trandtion meta
Lewis acid, whereas in sharp contrast, the isoelectronic Ru(n®-
CsMe;)(n-amidinate) is eectron rich and agood Tedonor.

In summary, we have achieved the successful isolation and struc-
ture eucidation of novel coordinetively unsaturated cationic ruthenium
complexes [Ru(17®-C4Rg)(17-amidinate)]*X-, which are isoelectronic
species to Ru(n®-CsMey)(n7-amidinate). The Tecoordination of the
amidinate ligand as an additiond stabilizing factor wasindicated by X-
ray structure of 4d, and supported by the DFT cdculaions. The coor-
dinatively unsaturated nature of the Lewis acidic [Ru(n®-CgRg)(n-
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amidinate)]* was evidenced by its high reactivity towards various
donor ligands. These new results are interesting in comparison with
the chemidtry of isodectronic complexes, and further investigetion on
reectivity of [Ru(17°-C4R)(17- amidinate)]* is currently in progress.
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