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Four-coordinate complexes are common, with a tetrahedral array
of donor atoms being the most frequently observed. Square-planar
derivatives are associated with ebnfigurations, where electronic
factors strongly favor this arrangement. Thus, an almost unlimited
number of Rh(l), Ir(1), Ni(ll), Pd(ll), Pt(ll), and Au(lll) compounds
with a 16-electron configuration and general composition, NIL
= monodentate ligand) are knownA few examples of corre-
sponding Fe(0), Ru(0), and Os(0) derivatives have also been
reportec?

Four-coordinate oxo complexes of the iron triad are tetrahedral
d® or ? species:® They are extremely important due to their
applications for theis-hydroxylation of alkenes tois-diols* From
a catalytic point of view, one of the major problems is the dioxygen figure 1. Molecular structure of. Thermal ellipsoids are drawn at the
activation. The reduction of the oxo compound by the organic 50% probability level. Selected bond distances (A) and angles (deg): Os

substrate can directly occur. However, despite the advantage of airO(1) 1.767(6), OsO(1A) 1.767(6), OsCl 2.3757(19). OsCl(A) 2.3757(19),

or dioxygen as the final oxidant, there are relatively few methods 0s-P 2.519(2), OsP(0A) 2.519(2), O(1yOs~O(1A) 180.00(15), P(OA

. . Os—P 180.00(7), CIA-Os—CI 180.00(7).
known which use homogeneous catalysts in the presence of oxygen S ™ S ™

under mild condition8.In general, the resultant reduced metallic
species cannot be reoxidized by molecular oxygen but require
stronger oxidant&In this context, the formation of oxo compounds
by dioxygen activation is a reaction of general interest. In the iron
triad, the formation of oxo derivatives from,@ common for the
biomimetic systems based on the ferryl moiety, but is scarcely
documented for ruthenium and osmidm.

We find now that for osmium not only it is possible to activate
molecular oxygen but also to stabilize the first shuare-planar
transition metal complex. The synthesis of this novel species, which
is also a rare example of mononuclear osmium(IV)-oxo compound,
takes place in a two-step procedure (Scheme 1). In toluene at room

Scheme 1 Figure 2. Molecular structure oB. Thermal ellipsoids are drawn at the
50% probability level. Selected bond distances (A) and angles (deg): Os

¢ C PPr 0(1) 1.743(2), 0sO(1A) 1.743(2), OsP 2.4178(9), OsP(0A) 2.4178(9),

\ / v, |~\\C' O(1)-0s—0O(1A) 180.00(14), P(OAYOs—P 180.00(4).
ipr.p X\ \'’H -H; 0= fs—° trans- OsQy(PPr3),1° (3) andn-octane. Exposure of toluene solutions
3 i ipr cl L of 3to air gives rise to the precipitation of an insoluble black solid.
s fs trans-Dioxoosmium(lV) compounds have been previously sug-
1 2 gested as short-lived species in electrochemical studi¢saioé
‘2 Buul -2Licl dioxoosmium(VI) complexe&t
- CeHis Figures 1 and 2 show the molecular diagramg @ind3. The
PPr, geometry of2 is octahedral with &0s-0, CI-0Os—ClI, and
| P—Os—P angles of 180 The geometry oB can be described as
0—0s—=O0 derived from that o2 by loss of two chlorine ligands and shortening
of the Os-O and Os-P bonds. Thus, the ©0s-0 and P-Os—P
PPr, angles are also 180pwhile the Os-O (1.743(2) A) and OsP
3 (2.4178(9) A) bond lengths are about 0.03 and 0.1 A, respectively,

shorter than the GsO (1.767(6) A) and OsP (2.519(2) A)
temperature, the dihydride OgElx(PPr), (1) is capable of distances found ir2.
activating the oxygenoxygen double bond of the molecular oxygen In agreement with the presence todns-oxo ligands in these
from the air or pure oxygen, to give the osmium(VI) dioxans compounds, their IR spectra show a single-@sstretch at 841
0sQCly(PPr3),82 (2). Treatment of in toluene with"BuLi affords (2) and 838 8) cm™%. The NMR data reveal the high symmetry of
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Figure 3. Schematic view of the LUMO (left) and LUM®1 (right) orbitals of the model compound OgfBH),.

the molecules. Thus, thtH NMR spectra contain a doublet of

virtual triplets ¢ 1.41; 2 and 3) for the methyl protons of the
phosphine ligands, whereas tR#{H} NMR spectra display
singlets at 2.22) and 30.1 8) ppm.

To understand the stability & DFT calculations on the model

complex Os@Q(PH;); have been carried out, without symmetry
restrictions. The calculated geometry agrees well with that obtained
by X-ray diffraction analysis, and it is similar to that calculated

for the spectroscopically detected species £60).12 The electron
filling pattern is in agreement with a formaf électron count for
the metallic ion. The occupied HOMO and HOMQ orbitals have

mainly d character of nonbonding nature. The three next empty

orbitals (LUMO, LUMO+1, LUMO+2) are of metatligand
antibonding character. The LUMO and LUMEL orbitals (Figure
3) result fromyr-antibonding interactions betweardonor p orbitals
of the oxygen atoms and d orbitals of the metal, whereas LWHAO

is ao-phosphorus-osmium antibonding orbital. Their high energy

leads to a sizable HOMOGLUMO gap, which reflects the stability

of the molecule.
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