Reaction of [(PPh);RuCl,] with white phosphorus: synthesis of the first Rt
complex featuring atetrahedrotetraphosphorus ligand
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The title reaction affords slightly air- and light-sensitive [(PPh;),CIRu(p-Cl);Ru(PPh;),(1!-P,)], which belongs to a very rare family
of soluble tetrahedro-tetraphosphorus complexes and represents the first ruthenium species of this type.

White phosphorus, which exhibits an unique structure formed

=]
by tetrahedral Pmolecules, is the principal material used for /‘\
the industrial preparation of organophosphorus compounds. These PPh, P\_P7 P Phgg cl
compounds are of commercial interest and are produced in | aCl toluene n\ “\\\\\\C'/,,,,’_ / A
megaton amounts as fertilizers, pesticides, detergents, additived PlsP— R|UI‘C| ~2PPR P*‘BP—/RU‘ cl-, RuPPhy
for lubricants in polymers, metal extractants in nuclear industry, PPh x_P° s PPhy
flame retardants for plastic materiaets! Pl

Presently, the industrial use of white phosphorus is based on 1 ‘P: p* 2

the preliminary transformation of,Ro PC} by a reaction with X

chlorine. The chlorination step causes serious environmentglen, at room temperature to afford a brown precipitate, which is
problems due to the emission of large amounts of HCI into thalmost insoluble in all common organic solvents and cannot be
atmosphere. For this reason, it is environmentally important téurther characterised. However, once generated frand B,
develop a cleaner process for the preparation of organophotie stability of2 in toluene at room temperature is enough to
phorus derivatives with comparable or reduced costs. An inteallow the characterization @by variable-temperatuf@P{1H}
esting alternative to the current technology may be catalytiNMR spectroscopy and then to propose a reliable structure for
activation and functionalisation of, Py transition metal com- this unusual complex in solution.

plexes? To successfully accomplish this goal, a deeper know- The31P{1H} NMR spectrum of2 (Figure 1) displays a tem-
ledge of the co-ordination chemistry of thg rRolecule with  perature-dependent ABMNQ6pin system with a strong cou-
transition metals is required. pling between the nuclei Q and Xi§y = 230.7 Hz,T =-30 °C)

One of the most largely employed homogeneous catalyst end less intense couplings between the other P nuclei. An
[(PPh);RUCL] 1.3 Therefore, we believed that this ruthenium analysis of both coupling constants and chemical shifts suggests
derivative and related complexes can also be useful materiatisat the B molecule isnl-coordinated to one ruthenium atom,
to study the catalytic functionalisation of white phosphoruswith cis-disposed PRhligands. The signals due to the naked
Despite the vast literature concerning & a source of ,P  phosphorus atomsgRind R, are practically temperature invari-
ligands in transition metal complexethe reaction of Pwith 1 ant in the temperature range examined (from —80 to 40 °C),
was not yet studied, and the number of ruthenium complexdadicating that the Pmolecule coordinated to Ru is freely
featuring polyphosphorus units is also very limited. rotating in solution. The two P resonances originating from the

Here, we report on our preliminary studies in the reaction oP, ligand appear at very high field§-320.610, —472.43)
white phosphorus with, which, to the best of our knowledge, and exhibit a large ‘coordination-chemical shift §6p _,—
leads to the synthesis of the first ruthenium complex supporting dp, ¢, in comparison with the free,fnolecule by approxi-
an intact i ligand$ mately 53 (R) and 205 ppm (§), respectively. Thed value

When a solution of white phosphorus in dry and deoxy-experienced by patom indicates that the Ru-bonded P atom
genated toluene is added to one equivaledtdisolved in the is electronically perturbed upon coordination. Noticeably, the
same solvent, a dark brown solution forms within 15 min onlow-field shift of the R atom in2 is larger than that observed
standing at room temperaturérom this solution, reddish-brown for the corresponding metal-coordinated P atoms in the other
microcrystals of binuclear ruthenium species [(PS@IRu-  two known complexes featuringtatrahedroP, ligand. Thus,
(u-Cl);Ru(PPR),(n1-P,)] 2 are obtained after layering with [(triphos)Re(CO)(ni-P,)]* shows a coordinated P atom at
n-hexane. Release of two equivalents of PiRto the solution  —390.5 ppm4 = 136.4 ppm) [triphos = MeC(CJRPPh),],6© while
(3P NMR detected) accompanies the formation of the binuclean the tungsten complex [(C@PPh)W(n'-P,)], the metal-coor-
complex. Changing the ratio betwekiand R does not modify ~ dinated P atom resonates at —422.0 ppw 104.9 ppmp®)
the course of the reaction, and even when a tenfold excess Biie highA value for R in 2 suggests that the coordinateg P
white phosphorus is used or@yforms. ligand should exhibit an enhanced reactivity towards nucleo-

Solutions of2 in organic solvents are unstable (air- and light-philes with respect to the free molecule and then makes such a
sensitive). A slow decomposition takes place, even under nitrcspecies amenable to testing as a promoter of alcohol phospho-
rylation reactions. The theoretical modelling of the catalytic
T Synthesis a: an excess of white phosphorus (0.13 g, 1.09 mmol) wa®xidative phosphorylation of methanol with white phosphorus
added to a stirred solution bf(0.96 g, 1.0 mmol) in dry toluene (10 ml) indicates that the formation of ay#-P, complex is a necessary
under nitrogen. After 20 min, the dark brown so_lution was Ia_yered Wit"prerequisite to accomplish the P—O bond-forming step.
n-hexane (10 ml) and cooled at 0 °C. The reddish-brown microcrystalS The binuclear structure @ was confirmed by computer

of 2 were separated by filtration under nitrogen, washed fvltexane i i iaht- i spi -
and dried in a brisk stream of nitrogen. Yield 40¥R{1H} NMR simulation of the eight-nuclei spin systénihe proposed struc

(=30 °C, BHgltoluene, 81.01 MHz, reference 85%R0,), ABMNQXj, * The computer simulation of tHéP{tH} NMR spectrum was carried

spin systemd, 51.83,05 47.54,0y 40.15,0y 39.69,05 —320.61,0 out with the SCANDAL program, developed by A. Vacca (University of
—472.43, g% = 230.7 Hz 23y = 41.2 Hz 2], = 37.8 Hz 2) 5 = 29.0 Hz, Florence, Italy) and J. A. Ramirez (University of Valencia, Spain). The
2Jun = 27.5 Hz, 4354 = 5.6 Hz). The assignment of the phosphorus networkinitial choices of shifts and coupling constants were refined by iterative
has been confirmed by ti#éP31P-COSY 2D-NMR spectrum. Found least-squares calculations using the experimental digitised spectrum. The
(%): C, 56.43; H, 4.16; Cl, 9.02; P, 16.84. Calc. foyH3,Cl,PsRu, (%): final parameters gave a satisfactory fit between experimental and calcu-
C, 57.01; H, 3.99; Cl, 9.35; P, 16.33. lated spectra, the agreement factor being less than 1% in all cases.
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Figure 1 (a) Computed anddj, (c) experimentaflP{IH} NMR spectra of2 in [2Hg]toluene at —30 °C. ABMNQXsystem1 refers to the PRfresonances
(AB and MN components®, and3 denote the resonances due to the ruthenium-coordinated P atom (Q) and the three equivalegt Basadlé€Xof the P
ligand, respectively. Signals of a secondary product, likely an ison2eiaoé indicated by asterisks.
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