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Synthesis and Characterization of Electron-Rich
Phosphido-Bridged Clusters

HANS-CHRISTIAN BOTTCHER, MARION GRAF and

CHRISTOPH WAGNER

Institute of Inorganic Chemistry, Martin Luther University, Halle-Wittenberg,
Kurt-Mothes-Str. 2, D-06I20 IlallelSaale, Germany

The reaction of [Ru3(CO)12] with [Ir(Bul
2PH)3Cl] (1) in refluxing toluene leads to

[Ru3lr(CO)8(H3-H)(n-Cl)2(ji-PBul
2)2(BuI

2PH)] (4). The molecular structure in the solid
reveals 4 as species containing a butterfly metal framework, Electron counting exhibits 4
with 64 cluster valence electrons as an electron-rich cluster. The reaction of
(|Cu(Bul2PH)Cl)4] (5) with [Ru3(CO),2l in refluxing toluene yields as main product the
electron-rich 50e-cluster [R^fCO^-Cl^tn-PBu^XBu^PH)] (6).Furthermore, thermolysis
of [Ru3(CO)12] with Cy2PH in toluene leads to IRu3(CO)7(u-H)(n-PCy2)3] (7). 7 reacts with
carbon monoxide under pressure yielding the 52e-complex [Ru3(CO)9(n-H)(n-PC>2)3l (8).
The preliminary X-ray crystal structure investigation reveals 8 as species with three
metal-metal bonds and therefore as an electron-rich cluster.

Keywords: ruthenium; indium: electron-rich; cluster

INTRODUCTION

Heteronuclear metal clusters are of current interest in view of their site-

selective reactivity and synergetic effects in catalytic reactions."1 Recently

we reported the synthesis and the molecular structures of the clusters

and [RujRh(CO);(u3-
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with butterfly configured tetrametal

cores.'21 Now we found a synthesis for the novel electron-rich 64e-cluster

[RujIrCCOMni-HXn-ClMu-PBu'jMPBu'jH)] with closed tetrametal

framework. The presence of two or more phosphido bridging ligands in

metal clusters is often a recurring feature of formally electron-rich species

as described by Carty and coworkers.'3' We summarize here some recent

results in the chemistry of electron-rich clusters from our laboratory

which were described in detail elsewhere.'4'

RESULTS AND DISCUSSION

The reaction of [Ru3(CO)|2] with [I^Bu^PHhCl] (1) (molar ratio 1:1) in

toluene yields [RUJMCOMU-HMUJ-CIXH-PBU'JMBU'JPH)] (2) and

[Ru}(CO)»((i-H)2(u-PButKBuI2PH)] (3).'2'1 The same reaction carried out

in a molar ratio of 1:2 leads to the electron-rich 64e-cluster

[RUJIKCOMUJ-HXH-CIMH-PBU'JWPBU'JH)] (4).'4C1 The Ru3lr core of 4

can be considered as a closed tetrametal framework. However the hinge

bond Ru(l)-Ru(2) is considerably elongated and the two Ru-Ir bonds are

also expanded (Fig. 1). The 3IP{'H} NMR spectrum of 4 consists of a

doublet at 8 267.2 (u-PBu'2) and a corresponding triplet at 6 45.7

(Bu'2PH, 3JPp = 15.5 Hz). These data indicate two chemically equivalent

phosphorus nuclei of two phosphido bridges across metal-metal bonds

which couple with a phosphorus nucleus of a phosphine ligand. The

comparison of the 3IP chemical shifts of the phosphido bridges of 2 and 4

shows that these ligands resonate for 4 at higher field (2: 5 318.2). That

is a further indication exhibiting 4 as an electron-rich cluster. (These

upfield shifts correlate with increased Ru-P-Ru angles and therefore with

an elongation of the Ru-Ru bonds bridged by the phosphido groups.) The
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SYNTHESIS AND CHARACTERIZATION OF ELECTRON-RICH [511)/187

hydrido ligand of 4 could not be located directly during the X-ray analysis

(omitted in Fig. 1), however its 'H NMR spectrum exhibits a

corresponding resonance in the metal hydride region at 8 -13.77 (t, Vpp =

15.5 Hz, 1H). According to the splitting pattern of the phosphorus nuclei

in the 3IP{'H} NMR spectrum and the lack of a second coupling in the

hydride resonance a capping position (uj) of the hydrido ligand on the

Rujlr triangle is assumed.

FIGURE 1 Molecular structure of 4. Selected bond distances (A):

Ru(l)-Ru(3), 2.9305(5); Ru(l)-Ru(2), 3.1176(7); Ru(2)-Ru(3),

2.9246(5); Ru(l)-Ir, 2.9882(4); Ru(2)-lr, 3.0309(4).

The reaction of [Ru3(CO)i2] with [{Cu(Bu'2PH)Cl}4] in refluxing toluene

yields as main product the electron-rich 50e-cluster [Ru}(CO)6(u-CI)j(u,-

PBu'2)(Bu'2PH)] (6).Mal Compound 6 consists of a closed Ru3 core in

which each Ru-Ru edge is supported by a chloro ligand. Two Ru-Ru

bonds are elongated [Ru(l)-Ru(2), 2.997(2); Ru(l)-Ru(3), 3.016(2) vs.

Ru(2)-Ru(3), 2.835(2) A]. The thermolysis of [Ru3(CO)i2] with an

excess of Cy2PH leads to [Ruj(CO)7(u-H)(n-PCy2)3] (?) as main product.
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7 reacts with CO under pressure yielding the novel complex

[RujfCOMu-HXn-PCyiW (8)-'4l>I Because of unsufficient crystal

qualities up to now only a preliminary crystal structure analysis exists.

However the found metal-metal distances confirm 8 as 52e-cluster with

three expanded Ru-Ru bonds.
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