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Abstract 

The title complex has been obtained from a reaction between Ru,(CO),,(PMe,Ph), and C,(CO,Me),. 

The alkyne is attached to the closed triangular Ru, cluster in the usual p3-q2-/( mode, the two Ru atoms 

to which the alkyne is o-bonded also bearing the PMe,Ph ligands. and being bridged by a CO group. A 

minor product also isolated from this reaction was partially characterised as Ru s(C,(CO,Me)z! )3(CO)6- 

(PMe,Ph),. 

Introduction 

Triruthenium clusters bearing p.,-alkyne ligands have only recently been obtained 

from [ppnl[Ru,(~-C1)(CO),,I PI or Ru,(CO),,(NCMe), [3] as precursors, the 
reactions with Ru,(CO),, usually affording clusters containing oligomeric ligands 
[4]. The only structurally characterised complex of this type is Ru,{ Pi- 
HC,CO,Os,(p-H)(CO),,}(p-CO)(CO),, (1) [3]. Similarly, reactions between Ru,- 

(CO),, and C,(CO,Me), have been reported to give products containing ligands 
formed by oligomerisation of the alkyne on the cluster; the binuclear complex 
Ru,{p-C,(C02Me),}(CO), has also been described [5]. We describe herein the 
molecular structure of a further example of a complex containing a cluster-bound 
alkyne, which was obtained from the reaction between Ru,(CO),,(PMe,Ph), [6] 
and C,(CO,Me),. 

* For Part LXIX see ref. 1. 
* * On study leave from Josai University, Japan 



Results 

A mixture of Ru,(CO),,,(PMe,Ph), and C,((‘O,Me), was heated for 45 min in 
refluxing tetrahydrofuran. Separation by preparative TLC’ ~ht~r~l thai a multitude 
of products had formed. One of these was cry-staliised from a ml-cturc elf dichloro- 
methane and methanol to gi\.e red needles. kvhich were <haracteri~ed a: the nron~~-a- 
kyne complex Ru ? [ p&Z, ( CO, Me) L ) ( p-C’O)( CO) j ( PMe, Ph) z ! 2) h! the usual ana- 

lytical techniques and by a single crystal ‘<-ra> stud?. The solution IR vprctrum 
showed only four terminal v(CO) bands together Lvith an ~l?~orptioll fr~~m ;I 
bridging CO ligand at 1802 cnl-‘. The ‘1-I NMR spectrum c?f 2 cr>ntainrd in doublet 
at 6 l.Y2 for the P-Me group> and a singlet at 6 3.51 assigned tcj the Ohle prcTtc>ns 
The presence of single re\onan<es for both type> <)f’ prc~t~~l illtlicated th:l[ the 
molecule was highly symmetrical. The phenyl pro,ton:, apptxrcd at i? c.!. 7”37. The 

FAB mass spectrum contained a peak at rn,,‘z 946. ;iisipneJ to i 91 FI] lvhic~ti 
fragmented by sequential lash of the eight CO groups: i:omp~titi~b~: loxs of Ohlc and 
CO occurred from the ion i M ?Cc)] +. l‘hesr data wrc ccm~i\tmt xvith a *irtlc‘turc 

Involving ~~-q-/l coordination of a C’,(C‘O,Me), ligand to I!;C KII :n:tngk. :\ hL.:E~ 
w-as confirmed by an ?<-ra> stud\ 

A molecule of 2 is shown in Figure I, tvhile selected bond parameter5 arc given in 
Table 1. The three Ru atoms form an iaosceleh trinnglz. with t~(s ~,hort edges 
[Ru(l)~Ru(?) 2.717, Ru(:.)m Ryic3) 2.720(l) A], kvhile the Ru( I ) Ku(Z) \eparation is 
somewhat longer, at 2.X17(7 : A. The former distance5 drr‘ ahcjut 0.0: 4 hhorter than 
those found in 1, whereas the longer distance is the hame [3], 

The alkyne ligand caps one face of the triangle. bein, 0 n-bonded to two Ru atom> 
[Ku(l) ~4Y(XC’) 2.0X5(6), Ru(2)bC(31 I.‘) 2.0X7(5) A] irnd :--bonded iv the third 
[Ku(?)--C(31C) 2.225(6). R&f Ct3lU’, 2.23515) ii]. 4s expected. the t\\i, (‘O,Me 
hubstituents are bent up from the C(.il t.:) c‘c?l ‘c! ’ ) \xxtor h\ L’:I ?X” l‘r<m the Ru 1 
plane. The central C-C h<~ld has lengthened to I ..379(7) .A. In 2, the alhyn~ ix 
~ymmetricallv bonded to the RI_; triangle. III contrast Lvith prc”vious examples ol 
Ku l and 0s~ complexes 1.31. Similarly, the asymmetr! in thz Ku(?) C-i?1 Lo. .3! Li I 
distances (difference. 0.01 .,\) is much less than that found in 1, where the difference 
is 0.22 A [?I. 
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Fig. 1. Computer-generated plot of a molecule of Ru,{ &Y2(C0,Me),)(p-CO)(CO),(PMe,Ph), (2), 
showing atom numbering scheme. Non-hydrogen atoms are shown with 20% thermal ellipsoids; hydrogen 

atoms have arbitrary radii of 0.1 A. 

Table 1 

Selected bond lengths (A) and angles (deg.) for Ru,( ~&,(CO,Me),)(~-CO)(CO),(PMe,Ph), (2) 

Length Angle 

Ru(l)-Ru(2) 

Ru(l)-Ru(3) 

Ru(2)-Ru(3) 

Ru(l)-P(1) 

Ru(2)-P(2) 

Ru(l)-C(12) 

Ru(2)-C(12) 

Ru(l)-C(31U’) 

Ru(2)-C(31U) 

Ru(3)-C(31U) 

Ru(3)-C(31U’) 

C(31U)-C(31U’) 

2.817(l) 

2.717(l) 

2.720(l) 

2.348(2) 

2.346(2) 

2.148(6) 

2.110(6) 

2.085(6) 

2.087(5) 

2.225(5) 

2.235(6) 

1.379(7) 

Ru(2)-Ru(l)-Ru(3) 

Ru(l)-Ru(2)-Ru(3) 

Ru(l)-Ru(3)-Ru(2) 

Ru(2)-Ru(l)-P(1) 

Ru(3)-Ru(l)-P(1) 

Ru(l)-Ru(2)-P(2) 

Ru(3)-Ru(2)-P(2) 

Ru(2)-C(31U)-Ru(3) 

Ru(l)-C(31U’)-Ru(3) 

Ru(l)-C(31U’)-C(31U) 

Ru(2)-C(31U)-C(31U’) 

C(32U)-C(31U)-C(3lU’) 

C(32U’)-C(31U’)-C(31U) 

58.85(3) 

58.74(2) 

62.41(2) 

128.64(5) 

151.29(5) 

131.66(5) 

146.66(5) 

78.2(2) 

77.9(2) 

109.8(4) 

110.5(4) 

123.3(5) 

119.3(5) 

Ru-CO 

c-o 

P-C(Me) 

P-C(Ph) 

range 1.887(6)-1.955(7), av. 1.914 A 

range 1.112(9)-1.146(9), av. 1.124 A 

range 1.788(9)-1.813(7), av. 1.805 A 

1.818, 1.836(7), av. 1.827 p\ 







i 

0.1479X(21 
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~u~l’z(;, 



437 

ra&&& h %Xv”~ k>; 5%+ LXXZjY%V++ --CL 0” II c I LI I =L r2ol~s *WC “%&iimUA, 5x+5 HiQh 

I > 30(Z) being considered ‘observed’ and used in the block diagonal least squares 
rdinemenl jwirh exIinction> a%eJ Gaussian absorprjon correction. Anisotropic 
thermal parameters were refined for the non-hydrogen atoms; (x, y, z, L/‘,,,)u were 
included constrained at estimated values. Conventional residuals R, R’ on IF] are 
quoted, statistical weights derivative of a”(l) = a2( Id,rf) + 0.0004a4(Idilf) being 
used. Computation used the XTAL 2.4 program system [16] implemented by S.R. 
Hall; neutral atom complex scattering factors were employed. Pertinent results are 
given in Fig.1 and Tables. Tables of structure factor amplitudes, thermal and 
hydrogen atom parameters and full non-hydrogen geometries are available from the 
authors. 

Ru,{p.,-C,(CO,Me),}(p-CO)(CO),(PMe,Ph), = C,,H,,O,,P,Ru,,M = 945.7, 
Odborhom?k. spacegro~p P2,,2,,2,,,. D = 2D. 4321 +I,- h = 1 b,32@+4>, r = 1 DBB)@ A, 
V = 3629 A’, Z = 4, p, = 1.73 g cm- 3, F(O) = 1864. Crystal dimensions: 0.25 X 

0.40 X 0.30 mm, T= 295 K, IJ.(Mo-K,) = 1.455 cm-‘, A* (n-tin, max) = 1.38, 1.75, 
R = Q.!?9,. R,, = 0 .!& @XGXYUI c&aYi~& 
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