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We seek to add a new dimension to the chemistry of isolable,
zerovalent unsaturated Ru(GHBu,Me),, | 12 which is super-
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ficially analogous to the transients Ru(GEHRu(CO)(PMey), 2
and Ru(MePGH,PMe),.2 In particular, we wished to ‘“tie
together” the two methyl groups in Ru(C{F'Bu,Me), to
establish the consequences of imposiruiseP, stereochemistry;

presumably, this must make a less stable (hence more reactive)
isomeric form since monodentate phosphines reveal the preferred

structurel when chelate constraints are absent. Matrix isolation
of Ru(CO}(Me,PGH,PMe) has been accomplishé@nd com-
parison of species in solution to matrix isolation could reveal the

sensitivity of such species to external influence and substituent

effects. The desired Ru(C&), (L, = ‘Bu,PCHCH,PBuU,) was
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The observation of two distinéJs_co values indicates that
the two phosphorus nuclei are not magnetically equivalent; the
impulsive conclusion is that the molecule is rigorously pldiiar
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which is surprising compared to the nonplanar geometry deduced
for transient Ru(CQf{Me,PGH,PMe) in Ar, Xe, and CH
matrixes? That structure was based on {&)} infrared intensities

in these matrixes and also in heptane and on (2) the large
dependence of the electronic spectrum on matrix identity (interac-
tion with Xe and with CH was proposed) and on (3) consideration
of the structure of the precursdv .

v

synthesized according to Scheme 1, whose last step abstracts two Geometry optimization of Ru(C@H:PGH.PH,) by DFT-

H ligands using ethylene. The resulting five-coordinate complex
Ru(CO)(C,H4)L, loses ethylene simply upon vacuum removal
of the volatiles from a benzene solution at Z5.

Dark green Ru(CQ)., possesses some remarkable properties.
In benzene or toluene, it shows a single chemical shift &t@5
for ‘Bu protons, for CH protons, for®P and for the carbonyl
carbons, and also byH and3'P{*H} NMR at —80 °C. The 25
°C 13C{'H} NMR spectrum of the carbonyl carbons is a doublet
of doublets Jc—p = 72 and 18 Hz), inconsistent with @,,
structure (“tetrahedral”)ll .
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(B3PW091) calculatiorfswith no symmetry constraint gives a
geometry with two inequivalent CO ligands (Figure 1). The energy
required to equivalence the two CO ligands has been calculated
on the simpler modelcissRu(CO}(PHs),, whose optimized
(nonplanar) geometry is found to be very close B—C = 151.7

and 168.3, C—Ru—C = 90.2, CO = 1.159 A) to that with the
bidentate phosphine ligand, showing that the nonplanar Ru is not
associated with the presence of a nonplanar RuC—C—P ring.

The nonplanar transition states for CO exchange have been
located, all at energy less than 0.3 kcal.Mabove the minimum.
The planaiC,, structure (0.7 kcal/mot above the minimum) has
been showhnot to be a transition state for a CO exchange. The
extremely small difference in energy between these stationary
points is beyond the reliability of the present level of calculation.
However, the flatness of the surfacel( kcal.mot™?) for a large
range of P-Ru—C angles (186-15C) is a property of this system
(i.e., also obtained with test MP2 calculations). This suggests that
all of the structures obtained by varying the twoRu—C angles
within the 180-15C° range are thermally accessible and are also
true of the experimental complex with #8u groups. This is in

(5) All calculations were carried out with the Gaussian 94 package of
programs at the DFT(B3PW91) levél.Effective core potentials were used
for replacing the 28 innermost electrons of*Rand the 10 innermost electrons
of P! A basis set was of valence doubfequality!®-*2 with polarization
functions on all atoni84was used.
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Figure 1. DFT(B3PW91) optimized structure of Ru(C{H.PGH4PH,)
(distances in A, angles in degrees) (left), in relation to the pentacoordinated
Ru(CO}(P—P) structure upon loss of CQright).

full agreement with the NMR results which show only one
carbonyl carbon and on#P NMR environment even at low
temperature. The geometry and the high fluxionality of the Ru-
(COR(RPGH4PR,) complex contrasts significantly with the more
strongly nonplanar and less fluxional Ru(G®Bu,Me),.12 This
result is consistent with the fddhat Ru(CO)Me,PGH,PMe,)
is nonplanar, which makes the spectra of this four-coordinate
species sensitive to its environment (i.e., solvent or matrix).

The DOC—Ru—CO in the optimized DFT structure of Ru-
(COR(H.PGH4PH,) is 91.6. The infrared spectrum of [Ru(C®)
(‘Bu,PGH;PBuU,)] in pentane shows bands at 1955 and 1889
cm 1, whose intensities (1889)1 (1955)= 0.81 give an1OC—
Ru—CO of 83. This compares to the -€Ru—C angle of 84
calculated by the same IR intensity methdor Ru(CO}(Me,-
PGH/PMe,).

The X-ray diffraction study of the green solid reveals that the

situation is even more complicated. The structure of green crystals

grown from a green 1:8 benzene/pentane solution is shown in
Figure 2. The centrosymmetritmerhas two bridging carbonyls
and a Ru/Ru distance of 2.70 A. We confirm the complete
conversion of solution monomer to solid-state dimer by the
infrared spectrum in Nujolvco = 1869 and 1668 cni. The cis

stereochemistry of the bulky phosphines in the chelate thus permits

the aggregation which does not take placetfansRu(CO}(P-
Bu,Me),, but this does not aggregate to a trimer as seen for [Ru-
(CO)]s. The lack of visible color change between solid and
solution is particularly deceptive in this compound, but the solid-
state electronic spectrum lacks the band at 424 nm that is see
for the monomer in solution; they both have a band-&70 nm,
however, which is the source of the green color. The observed
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1975.
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Figure 2. ORTEP drawing (30% probability ellipsoids) of the nonhy-
drogen atoms of [Ru(CQ@JBu.PGH4PBU,)], with selected atom labeling.
Bond distances (in A) RuRu = 2.703(1), Ru-P2 = 2.459(2); Ru-P5

= 2.462(2); Ru-C22 = 2.016(7); Ru-C22 = 2.050(6); C22-023 =
1.198(7); C24-025= 1.165(8).

complete aggregation change of Ru(@Q)on change of phase

is rare behavior for ang species®> 18 The “softness” to bending
CO out of the plane apparently makes addition of a second
monomer (i.e., dimerization) possible here at unusually small cost
of “deformation energy”. This observation and the matrix
dependence (Xe, G of the spectra of Ru(C@Me,PGH;-
PMe), where bulky substituents play no role, supports the
conclusion that nonplanarity is an inherent propertycisfRu-
(COR(PR)2.
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