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Abstract

A new route for the preparation of the homobimetallic complex
[Mo,(u-CsH ,PPh,),(CO),] in good yield (90%) is described and its
X-ray structure is reported, together with some spectroscopic data
and its redox properties.

Numerous heterodifunctional phosphines, including,
for example, phosphines with an oxygen function [1],
aminophosphines [2], phosphine functionalized dipodal
macrocycles [3], may be used for synthesizing homo-
and hetero-dimetallic complexes. Cyclopentadienyl-
phosphines have recently been of widespread interest
as they contain two constituting moieties, viz. the cy-
clopentadienyl and phosphine fragments, both suitable
for binding to reactive metal species [4-6].

Moreover, from our studies of rhodium dinuclear
complexes we clucidated an interesting and specific
property of the double-bridge (x-CsH,PPh,), which
provides a very flexible joint between the two molecu-
lar moieties. The resultant flexibility appears to be a
determining factor of both the chemical and the redox
behaviour of these Group 9 bimetallic complexes [6,7].

The recent publication by Duckworth et al. [8] of
the synthesis and properties of some dinuclear metal-
metal bonded complexes of molybdenum and tungsten
bridged by the heterodifunctional ligand C;H,PPh,,
prompts us to report some of our results in the same
field. These concern mainly the new compound
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[Moy(u-CH,PPh,),(CO),}, 1, which we have pre-
pared [9] from the mononuclear hydride complex
[Mo(7n°-CsH,PPh,XCO);H], 3, in excellent yield
(90%), its molecular structure, and some of its electro-
chemical properties.

The preparation of 1 is from the tricarbonylcyclo-
heptatriene derivative [Mo(n°®-C,HXCO);] as starting
material which reacts in THF at 70°C with lithium
(diphenylphosphino)cyclopentadienide, affording Li-
[Mo(n®-CsH,PPh,XCO),], 2. Treatment of a toluene
solution of 2 with one molar equivalent of glacial acetic
acid at room temperature for 1 h afforded the hydride
3 which has been fully characterized. The hydride
solution was then irradiated with a Hg lamp under slow
flow of argon. This caused H, and CO elimination.
The solvent was evaporated and the resulting red pow-
der washed with pentane. Table 1 gives the spectro-
scopic data for these three complexes.

Brown-red crystals of [Mo,(u-C.H,PPh,),{CO),],
1, suitable for an X-ray diffraction study were obtained
by slow diffusion of diethyl ether in a dichloromethane
solution. The molecular structure * of 1 is shown in
Fig. 1, together with some important bond parameters.
Our determination confirms the proposal of Duck-
worth et al. [8] based on spectroscopic data and analo-
gous with our previous X-ray determination of the
structure of [Rh,(u-CH,PPh,),(CO),] [6]. The
metal-metal distance (3.2767(5) A) is slightly longer
than that in [Mo,(n°-CsHs),(CO)] (3.235(1) A),
whereas this distance in the singly bridged [Mo,(u-
CsH,PPh,)(n°-CsHXCO),] (3.255(2) A) [8] is be-
tween these two values.

* Crystal data for [Mo,(u-CsH,PPh,),(CO),], 1: C33H,,0,P,Mo,,
M = 802.5, monoclinic, space group P2, /n (non-standard no. 14),
a=12576(1), b=16.101Q2), ¢ =16.660(2) A, B=9628(1y, V=
3353(1) A%, D, = 1.59 g cm™3, Z = 4, F(000) = 1608, A(Mo Ka)=
0.71073 A, w(Mo Ka)=8.6 cm~'. Brown-red parallelopipeds,
crystal dimensions: 0.400x0.200%x0.075 mm. 5260 unique reflex-
ions measured on a CAD4 Enraf-Nonius four-circle diffractometer
(3°< 26 < 48°), corrected for absorption (¥-scan method) and
3627 with > 3¢(1). Structure solved by the Patterson method
and refined by full-matrix least-squares techniques, with non-H
atoms anisotropic except those of phenyl rings. All H atoms were
introduced in calculated positions. The weighting scheme was
w=[c2(F)+0.0005 F?]"'. The final residuals were R=0.029
and Rw = 0.032. Full lists of atomic coordinates, band lengths and
angles, and temperature factors have been deposited with the
Cambridge Crystallographic Data Centre.
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Fig. 1. The molecular structure of [Mo(p-C<H PPh.)(CO), ) 1.
Bond lengths (A and angles (%), Mol 1)-Mof2) = 3 276HS). Mo(l)-
P(1) = 2.404(1). Mo(2)-P(2) = 2.417(1), Mol(h)-Cpl(2) = [LYTHS.
Mo(2)-Cpl1) = LYRT(S), P(1)-C(5) = [.797(4), PC2)-CHD = 1.807(4).
{Mo—-C{cyclopentadieny])) = 2. 315(5), (Mo-Clcarbonvi)y = 194 1{5),
{ClearbonyD Q) = 1.152(6), <P-Ciphenyi}, = LRIAG), (-
(cyclopentadienyl) = 1.409(7), (C-Crx(phenyl) = 138971 C(1)-
Mo(1)-C(2) = 78521, C31-Mo(2)-C(dy = 77.H2), CLiy-Mol(D-P(H
= 107.8(1). CRY-Mo(2}-P2) = O8.8(1H), COH-Moli=-Cp(2) =

125.42), CG1-Mo2)-Cpll) = 124002, CC2-Mol 13 -POh = ST,
ClH-Mo(2)-P(2) = 78.902), C(O-Mol1-Cp(2) = 116.2(2), Cdi-
Mo(2)-Cp(1) = 119.7(2). PCH-Mo(1}-Cp(2) = 125.8(2) P2)-Mo(2)

Cptl) = 126201}, Mo-Clcarbonyl}-Or = 175 441, (Mo-P -
Cleyclopentadienyh))y = 109.0(2).  {Mo-P-Clphenvlly = 1IR3
Cp(1) and Cp(2) are the centroids of cvclopentadienyt

rings.
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The UV-visible spectrum of 1 in THF [530 nm
(e=340 | em ' mol 1), 388 nm (e =9800 | cm
mol D] is consistent with the presence of a Mo-Mo
hond. as inferred in the parent dimolybdenum com-
pound [Mo.(n-C.HOJLCO) 512 am (e = 1720 1
cm P omol ) 388 nm (e = 20400 L em T mol T D [10]
and its mass spectrum {DCL/NH ) shows an isotopic

i

num complex.

The celectrochemical propertics of reduction and
oxidation of 1 were determined using various clectro-
chemical techniques in CH,CH, (Bu N, C1O,. 0.1 M)
The dinuclear 1 is reduced by an overall two-electron
ECE mechanism at £ = — .07 V like the previously
reported (Mo (1 -CHLCOY, 1T but its oxidation
occurs in two steps: the first, quasi-reversible at £, =
0.48 V, corresponds o the formation of the monoca-
tionic dinuclear which is now under investigation, the
second. irreversible, at £ = .86 V. presumably leads
to the cleavage of the dinuclear. The occurrence of a
monocationic step contrasts with the case of the non-
bridged complex and emphasizes the influence of the
double bridge {g-CyH PPh,), s already exemplitied
by the rhodium analogous complex [ 7]
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TABLE 1. IR, *'P {{H} and "H NMR spectroscopic data tor the compounds 1-3

Products HCO) S0P R
em ) (ppm) (ppm)

Li[Mo(n;—(“;}{‘l’l”h‘1 WO, [909Cvs ), 1813 (vs). 1790(s), 1724s) - 1874 » 770 and 746 2m, ortho), 714 {m,
et and parad, S5 (sCCHPY

[Mo(n5~(‘:ll yPPh-OXCONH] 2024080 1937() - 1495 (s) T and TAS 2wl ordho ), 720 (m,
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