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The reaction of Ruy(CO);3(u3-PNCy,) 1 with Ru(CO)s in
refluxing hexane yields Rus(CO);s(n4-PNCy;) 2 in high
yield; treatment of 2 with HBF4-Et,0 forms Rus(CO);5(n4-
PF) 3 which is the first cluster complex to contain a
u4-fluorophosphinidene ligand, while refluxing 2 with
HBF,4-H,0 in CH,CI, yields 3 and the title compound
[Rus(CO);5(n4s-P=0)][H,NCy,] 4, an unprecedented exam-
ple of a cluster complex containing a p4-PO ligand.

Phosphorus monoxide (PO) and diphosphorus monoxide (P>O)
are the simplest binary oxides of phosphorus. They have both
been spectroscopically characterized in matrices and in molec-
ular beams,! but they are not ‘reagentsin abottle’ sincethey are
unstable with respect to the normal oxides P,Og and P4O;o.

In contrast to nitric oxide, the coordination and organome-
tallic chemistry of PO and PO is poorly developed and only
recently have methods of synthesizing complexes of these
ligands been described.2-6 To date only two types of coordina-
tion modes for phosphorus monoxide are known. Triply
bridging us-PO ligands have been trapped or generated in
clusters by the direct oxidation of naked phosphide ligands?4.5
or by the hydrolytic cleavage of P-N bonds in aminophosphini-
dene (u3-PNRy) clusters.3 Examples of terminal, n-PO coor-
dination, asin Mo{[NC(CD3),Me](CgHsMe,-3,5)} 3(n1-P=0),5
have aso been described. Doubly and quadruply bonded PO
ligands are asyet unknown. In thiscommunication we report the
synthesis and structural characterization of an anionic cluster
[Rus(CO)15(us-P=0)]— containing a quadruply bridging phos-
phorus monoxide ligand. The designed synthesis of this
molecule (Scheme 1) aso affords the first example known to us
of a pg-fluorophosphinidene ligand in the neutral cluster
Rus(CO)1s(1a-PF).

Werecently described arational, versatile route to PO ligands
which essentialy involves the acid promoted substitution of
NR, groups in aminophosphinidene (u-PNRj) ligands by
hydroxy! groupsfollowed by deprotonation of thelatter by base,
as follows:?

[M4(CO)12-13(H3-PNRy)] [M4(CO)12.13(13-PO)]

(1) HBF4, (2) H,0 Base
-HNR, H

[M4(CO)12-13(H3-POH)] )

M=Ru, Os; R=Pr', Cy

To apply this strategy to the synthesis of ap4-PO ligand, we
needed areliablerouteto acluster containing aus-PNR; ligand.
Treatment of Ru,(CO)43(u3-PNCy,)8 1 (770 mg, 0.78 mmol) in
hexanefor 8 h with an excess of Ru(CO)s® forms Rus(CO)1s(u4-
PNCy,) 210 (867 mg, 0.76 mmol) in greater than 95% yield. The
cluster 2 consists of a square based pyramid of five ruthenium
tricarbonyl groups, with the square face capped by the
u4-aminophosphinidene ligand.

Reaction of aCH,Cl, solution of 2 (503 mg, 0.51 mmol) with
dry HBF4OEt2 (300 Ml) at RT for 3 h afforded RU5(CO)15(M4'
PF) 311 (503 mg, 0.51 mmol) asgreen crystalsin 96% yield. The

19F and 3P NMR spectra of 3 consist of doublets [5(1°F)
—20.49; 6(31P) 548.6] with Jo_= = 1121 Hz. Since 3 appearsto
be the first us-PF cluster a single crystal X-ray analysis was
carried out.12 Within the Rus square pyramid (Fig. 1) there are
two distinctively different sets of Ru—Ru distances with the
bond lengths within the base (Ru-Ru av. 2.9196 A) being
distincth longer than those to the apical atom Ru(5) (Ru—Ru av.
2.8252 A). The stereochemistry at the phosphorus atom is that
of aflattened square pyramid with a P-F distance of 1.595(2) A
which compares well with avalue of 1.58 A13 for the axial P-F
bonds in PFs where the phosphorus atom is also pentacoordi-
nate.

In contrast to the reaction with anhydrous HBF,, treatment of
2 (57 mg, 0.05 mmol) with an excess of HBF4-H,O for 6 h gave
smaller amounts of 3 (15 mg, 0.01 mmol, 31%) and afforded as
themajor product [HoNCy,][Rus(CO)15(us-PO)] 4 (37 mg, 0.03
mmol, 64%). Spectroscopically, 414 is characterized by a
medium strong v(P=0) band in the infrared spectrum at 1060
cm—1 and by a 3P resonance at low field (6 515). The
structurel> of 4 (Fig. 2) consists of tetrahedral dicyclohex-
ylamino cations packed in the crysta lattice with
[Rus(CO)15(us-PO)] cluster anions. In contradistinction with
[H2N(Pr2)][Ru(CO)12(ns-PO)] there are no significant hydro-
gen bond interactions between the PO oxygen atom and the
cation (PO--HN = 1.75 A). The geometry of the RusP skeleton
resembles that in 3 but the substitution of a PO ligand in 4 for
u4-PF in 3 causes significant changesin P-X (X = O, F), Ru-P
and basal Ru—Ru bond lengths. The P-O distancein 4 [1.516(4)
A]is0.08 A shorter than the P-F value [1.595(2) AA in3andis
consistent with P=O bond lengths of 1.48-1.52 A in uz-PO
clusters.2-5 However the P-Ru bond lengthsin 4 (av. 2.374 A)
are significantly elongated compared to 3 (av. 2.308 A) and the
basal Ru-Ru distances in 4 (av. 2.878 A) are shorter than in 3
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Fig. 1 An ORTEP diagram of Rus(CO);5(u4-PF) 3 showing 30% probability
thermal ellipsoids. Hydrogen atoms are omitted for clarity. Selected bond
lengths not mentioned in the text (A): Ru(1)-Ru(2) = 2.9558(4), Ru(1)—
Ru(4) = 2.9310(4), Ru(2)-Ru(3) = 2.8983(4), Ru(3)-Ru(4) = 2.8932(4),
Ru(5)-Ru(3) = 2.8535(4), Ru(1)-Ru(5) = 2.7771(4), Ru(4)-Ru(5) =
2.8432(4), Ru(5)-Ru(2) = 2.8271(4).

032

Fig. 2 An ORTEP diagram of [Rus(CO);5(us-PO)][H2NCy,] 4 showing
30% probability therma ellipsoids. Hydrogen atoms and the cation
[H2N(Cy),] are omitted for clarity. Selected bond lengths not mentioned in
the text (A): Ru(1)-Ru(2) = 2.850(1), Ru(1)-Ru(4) = 2.876(1), Ru(2)—
Ru(3) = 2.893(1), Ru(3)-Ru(4) = 2.908(1), Ru(5)-Ru(3) = 2.908(1),
Ru(l)-Ru(5) = 2.836(1), Ru(4)-Ru(5) = 2.803(1), Ru(5)-Ru(2) =
2.843(1).

(av. 2.9196 A). A simplistic explanation of these facts is that
stronger phosphorus bonding to the exo-cage oxygen atom
weakens cluster phosphorus bonding and strengthens metal—
metal bonding.

Although 3 and 4 are obtained in the same reaction of 2 with
HBF4-H,0, attemptsto directly convert 3to 4 in the presence of
H>0 and HO— have not been successful.

The synthesis and characterization of a quadruply bridging
P=0 ligand in 4 adds to the terminal and triply bridging modes
now known for this transient ligand. We are currently
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attempting to expand the range of us-PO complexes and
compare the chemistry of these coordinated ligands.
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