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Abstract 

The reaction of the carbido dianion [Ru,C(CO),,]~- with Au,(Ph,PCH,PPh,)CI,, in dichloromethane, in the presence of TIPF,, 
affords the neutral cluster Ru,CfCO),,Auz(Ph,PCH2PPh2) (1) in 90% yield. An X-ray analysis of 1 shows that the octahedral 
ruthenium core has remained intact, and that the two Au atoms of the chelating gold phosphine bridge two adjacent edges of one 
of the triangular faces of the Ru, octahedron. In marked contrast, the reaction of the non-carbide dianion (Ru,(C01,s12- with 
Au,(Ph,PCH,PPh,}CI, under similar reaction conditions leads to the breakdown of the octahedral ruthenium core and the 
formation of Rus(CO),,Au2(Ph2PCH2PPh2) (2) in ca. 50% yield. The X-ray analysis of 2 shows that the ruthenium atoms adopt a 
trigonal bipyramidal framework with the Au atoms of the Au,(Ph,PCH,PPh,) ligand ps-capping adjacent faces of the trigonal 
bipyramid in a manner not previously observed for mixed ruthenium-gold clusters. 

1. Introduction 

Heteronuclear clusters which contain one or more 
Group 11 metals remain an important area of cluster 
research. The presence of Group 11 metals introduces 
a polarity into the metal framework and generates 
metal geometries that are not observed in homometal 
clusters [l]. In clusters which contain more than one 
Group 11 metal, examples are known where two Group 
11 metals are within bonding distance of each other 
and there are also examples where the two Group 11 
metals are well separated [l]. The use of chelating 
digold phosphine cations such as [Au,{Ph,PCH,- 
PPh2}12+, [Au2{Ph2PCH2CH2PPh2]12+ and [Au,(Ph,- 
PC=CPPh2}12+ forces the two Au atoms to remain in 
relatively close contact in the final product. Despite 
this, a number of different modes of coordination of 
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the bidentate gold-containing ligands have been ob- 
served in a range of tri- and tetranuclear ruthenium 
and osmium cluster systems 12-41. We have recently 
extended the synthetic method to higher nuclearity 
cluster anions of ruthenium and have obtained the 
pentaruthenium cluster Ru,C(CO),,Au,{Ph,PCH,- 
CH,PPh,] [5]. With the increase in nuclearity comes a 
higher probability of finding a greater variety of coordi- 
nation modes for the gold-containing phosphine lig- 
ands. We have also developed better, high yield routes 
to the hexaruthenium cluster anions [Ru,C(CO),,]~- 
and [Ru,(CO),,]~- and this has allowed us to carry out 
the reactions of these anions with [Au,{Ph,PCH,- 
PPhJl 2+. We now repor t the more efficient routes to 
the hexaruthenium anions and the results of the reac- 
tions of these species with the bidentate gold-contain- 
ing cation. The products formed emphasize the marked 
difference in reactivity between the carbido and non- 
carbido hexanuclear clusters. It is well known that 
carbide-clusters are less likely to undergo fragmenta- 
tion reactions than the related non-carbido clusters 
because the central carbon atom helps to hold the 
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metal framework together 161. In this case, the reaction 
of [Ru,C(C0),J2- with [Au2{Ph2PCH2PPh2]]2+ af- 
fords the hexaruthenium cluster Ru,C(CO),,Au,{Ph,- 
PCH,PPh,} whereas the reaction of [Ru,(C0),J2- 
with Au,{Ph,PCH,PPh,}] 2+ leads to cluster break- 
down and the formation of the pentaruthenium cluster 
Ru,KO),,Au,(Ph,PCH,PPh,]. 

2. Results and discussion 

Recent studies on the pyrolysis and thermolysis of 
derivatives of Ru,(CO),, have led to the high yield 
synthesis of the cluster anions [Ru,C(C0),,12- and 
[Ru,(C0),J2-. The new method avoids the use of 
sodium which is a feature of the established prepara- 
tion method [7]. The anion [Ru,C(CO),$ is ob- 
tained as the [N(PPh,),]+ salt, in ca. 50% yield, to- 
gether with [Ru,,C,(CO),,]~- (cu. 20% yield) from the 
pyrolysis of Ru,H(CO),,(C,H,N), at 150°C for 48 h. 
The pyridine derivative is itself obtained from 
Ru,(CO),, uia the reaction of the bis-acetonitrile 
derivative with pyridine. The dianion [Ru,(C0),J2- is 
obtained as the [N(PPh,)]+ salt, in cu. 60% yield, from 
the thermolysis of Ru,(CO),,, in acetonitrile for 3 h, 
followed by the addition of excess [N(PPh,),]BF, and 
separation of the mixture by TLC using 1: 1 acetone/ 
hexane as eluent. These convenient synthetic routes to 
the hexaruthenium anions has allowed their reactions 
with a range of cationic species to be studied. 

The reaction of the carbido dianion [Ru,C(C0),,12- 
with 1.1 equiv. of Au,(Ph,PCH,PPh,]Cl,, in the pres- 
ence of excess TIPF,, which acts as a halide abstractor, 
in CH,Cl,, affords, after work-up, a red mixed-metal 
cluster 1 in 80-90% yield. This complex was initially 
characterized as Ru,C(CO),,Au,(Ph,PCH,PPh,] (1) 
from spectroscopic data (Table 11, and the assignment 
confirmed by a single-crystal X-ray analysis. 

The molecular structure of Ru,C(CO)i,Au,(Ph,- 
PCH,PPh,} (1) is shown in Fig. 1 while selected bond 

Fig. 1. The molecular structure of Ru,C(CO),,Au,{Ph,PCH,PPhJ 
(1) showing the atom numbering scheme. Hydrogen atoms have been 
omitted for clarity. 

parameters are listed in Table 2. The central octahe- 
dral Ru, core geometry with the interstitial carbide 
observed in the parent dianion [Ru,C(C0),,12- [8] is 
retained in the structure of 1. Four of the coordinated 
carbonyl ligands are edge bridging and the remaining 
twelve are terminal. This ligand arrangement is similar 
to that found in the [Ph,As]+ salt of the parent dian- 
ion [8]. The two Au atoms of the chelating Au,{Ph, 
PCH,PPh,] ligand bridge adjacent edges of the Ru, 
octahedron in what may be described as a p2 : p2 
mode. There is also a relatively short Au-Au contact, 
and the metal framework as a whole may be described 
as a Ru, octahedron fused with a Ru,Au, square- 
based pyramid. The p2 : p2 coordination mode has 
previously been observed in the structures of Ru,H,- 
(CO),2Au2{Ph2PCH2CH2PPh2] [9] and Ru,H2(CO),,- 
Au,(Ph,AsCH,PPh,] [2]. This contrasts the structure 
of Ru,C(CO),,Au,(PMePh,), [lo] where although the 
two Au atoms adopt p2 bonding modes there is no 
short contact between the Au atoms. A third bonding 

TABLE 1. Spectroscopic data for complexes 1 and 2 

Compound IR (hexane) v(C0) (cm-‘) MS m/e 
( - ve FAB) 

3’P{1H) 
NMR 
(CD,‘&) 

‘H NMR 
(CD&I,) 

2068m, 2026s 1845 
1980m, 1838w, br (talc. 1848) 

2074s, 2046s 1676 
2024s, 2006s corresponds to M + - CO 
1984w, 1920~ kale. 1704) 

- 90.78s 3.87 (t, 2H) 
7.3-1.6 
(m, 20H) 

- 97.8s 3.56 (t, 2H) 
7.3-7.4 
(m, 20H) 
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TABLE 2. Selected bond distances (A) and angles (“1 for 

Ru,C(CO),,Au2(Ph,PCH2PPh,) (1) 

Ru(l)-AU(~) 2.687(2) Ru(l)-Ru(3) 2.827(2) 

Ru(l)-Ru(2) 2.881(2) RuW-Rut41 2.927(2) 

Ru(l)-Rut61 3.093(2) Ru(2)-Au(l) 2.743(2) 

Ru(2)-Ru(5) 2.885(2) Ru(2)-Ru(3) 2.939(2) 

Ru(2)-Ru(6) 3.117(2) Ru(3kRuf5) 2.821(2) 

Ru(3)-Ru(4) 2.843(2) Ru(4)-Ru(6) 2.785(2) 

Ru(4)-Ru(5) 2.915(2) Ru(5)-Ru(6) 2.898(2) 

Ru(6)-Au(l) 2.815(2) Ru(6)-AU(~) 2.951(2) 

Au(l)-AU(~) 2.863(l) AuWP(2) 2.311(5) 

AU(~)-P(1) 2.309(5) 

AU(~)-Rut%Ru(3) 143.97(6) AU(~)-Ru(lkRu(2) 85.95(5) 
Ru(3)-Ru(l)-Ru(2) 61.96(5) AU(~)-RuWRu(4) 108.77(6) 

Ru(3)-Ru(l)-Ru(4) 59.18(5) Ru(2)-Ru(lkRu(4) 90.47(6) 
AU(~)-Ru(l)-Ru(6) 60.93(5) Ru(3)-Ru(l)-Ru(6) 88.37(6) 
Ru(2)-Ru(l)-Ru(6) 62.78(5) Ru(4)-RuWRu(6) 55.02(5) 
Au(l)-Ru(2)-Ru(1) 92.84(6) Au(l)-Ru(2)-Ruf5) 102.37(6) 

Ru(l)-Ru(2)-Ru(5) 90.11(6) Au(l)-Ru(2)-Rut31 141.80(6) 

Ru(l)-Ru(2)-Ru(3) 58.10(S) Ru(5)-Ru(2)-Ru(3) 57.94(5) 
Au(l)-Ru(2)-Ru(6) 56.99(4) Ru(l)-Ru(2kRut6) 61.945) 

Ru(5)-Ru(2)-Ru(6) 57.59(5) Ru(3)-Ru(2)-Ru(6) 85.96(5) 
Ru(S)-Ru(3)-Ru(l) 92.55(6) Ru(5)-Ru(3)-Ru(4) 61.95(6) 

RI&)-Ru(3)-Ru(4) 62.18(5) Ru(5)-Ru(3)-Ru(2) 60.09(5) 
Ru(l)-Ru(3)-Ru(2) 59.93(5) Ru(4)-Ru(3)-Ru(2) 91.01(6) 
Ru(6)-Ru(4)-Ru(3) 94.42(6) Rut6)-Ru(4)-Ru(5) 61.08(5) 
Ru(3)-Ru(4)-Ru(5) 58.66(5) Ru(6)-Ru(4)-Ru(l) 65.51(5) 

Ru(3)-Ru(4)-Ru(1) 58.64(5) Ru(5)-Ru(4)-Ru(l) 88.63(6) 
Ru(3)-Ru(5)-Ru(2) 61.97(5) Ru(3)-Ru(5)-Ru(6) 92.45(6) 

Ru(2)-Ru(5)-Ru(6) 92.45(6) Ru(2)-Ru(5)-Ru(6) 65.22(5) 
Ru(3)-Ru(5)-Ru(4) 59.39(5) Ru(2)-Ru(5)-Ru(4) 90.64(6) 
Ru(6)-Ru(5)-Ru(4) 57.25(5) Ru(4)-Ru(6)-Au(l) 141.48(7) 

Ru(4)-Ru(6)-Ru(5) 61.68(5) Au(l)-Ru@-Ru(5) 100.30(6) 
Ru(4)-Ru(6)-Au(2) 105.48(6) Au(l)-Ru(6)-AU(~) 59.48(4) 
Ru(5)-Ru(6)-AU(~) 131.83(6) Ru(4k-Ru(6)-Au(l) 59.46(5) 

Au(l)-Ru(b)-Ru(l) 87.10(5) Ru(5)-Ru(6)-Ru(l) 85.81(6) 
AU(~)-Ru(6)-Rutl) 52.73(4) Ru(4)-Ru(6)-Ru(2) 88.48(6) 
Au(l)-Ru(6)-Ru(2) 54.80(4) Ru(5)-Ruf6)-Ru(2) 57.19(5) 

Au(2)-Ru(6)-Au(2) 77.45(5) RuW-Ru(6)-Ru(2) 55.2X5) 

P(2)-Au(l)-Ru(2) 169.54(13) P(2)-Au(l)-Ru(6) 121.17(13) 
Ru(2)-Au(l)-Ru(6) 68.21(5) P(2)-Au(l)-Au(2) 95.0802) 
Ru(2)-Au(l)-AU(~) 85.29(4) Ru(6)-Au(l)-AU(~) 62.63(4) 
P(l)-AU(~)-Ru(l) 164.64(13) P(l)-AU(~)-Au(l) 89.3101) 
Ru(l)-AU(~)-Au(l) 94.45(4) P(l)-AU(~)-Rut61 127.4602) 
Ru(l)-AU(~)-Ru(6) 66.34(5) Au(l)-AU(~)--Ru(6) 57.89(4) 

mode, p3: p2, in which one Au atom caps a metal 
triangle and the second Au atom bridges one of the 
capped metal-metal edges and also forms a relatively 
short Au-Au contact is also known. This type of struc- 
ture has been observed in Ru,WC(CO),,Au,(PEt,), 
[lo] and Ru,H&CO),,Au,(PPh3) [ill. It is clear that 
the presence of either two monodentate or a chelating 
digold phosphine ligand has a drastic effect on the 
resultant metal framework geometry. It seems likely 
that the steric constraints of the chelating phosphine 
forces the pz : p2 geometry on the two Au atoms in the 
structure of 1 coupled with the need to retain the 
Au-Au contact. 

In terms of electron counting, if each of the Au 
atoms of the Au,{Ph,PCH,PPh,} group donates one 
electron to the cluster, then the complex as a whole is 
an 86 electron system, which is consistent with the 
octahedral ruthenium core geometry. The two longest 
Ru-Ru distances in the structure are the two octahe- 
dral edges bridged by the two Au atoms (Ru(l)-Ru(6) 
3.093(2) and Ru(2)-Ru(6) 3.117(2) A>. The remaining 
Ru-Ru distances in the structure lie in the range 
2.821(2)-2.939(2) A which is similar to the range of 
values 2.832(1)-3.001(l) A found in [Ru,C(CO),~I~- 
[8]. The average Ru-Cccarbide) distance of 2.06 A is 
also similar to that found in the parent dianion. The 
Ru-Au distances show significant asymmetry, with the 
two longer distances both involving Ru(6). Ovtrall, the 
range of Ru-Au distances (2.687(2)-2.951(2) A) in 1 is 
similar to that found in Ru,H,(CO),,Au,(Ph,PCH,- 
PPh,} (2.682(l)-2.947(2) A> [12], although the Au-Au 
separation in 1 is cu. 0.04 A longer than the value of 
2.823(l) A in Ru,H2(CO),2Au2(Ph2PCH2PPh2] [12]. 

The reaction of the non-carbido dianion [Ru,- 
(CO),,]2- with Au,{Ph,PCH,PPh,]Cl, was carried 
out under the same conditions as for [Ru,C(C0),,12-. 
In this case, however, the major, red-brown product 
was formulated as the pentaruthenium cluster Ru,- 
(CO),,Au,{Ph,PCH,PPh,} (2) from spectroscopic data 
(Table l), and the assignment confirmed by a single- 
crystal X-ray analysis. 

The molecular structure of Ru,(CO),,Au,(Ph,- 
PCH,PPh,) (2) is shown in Fig. 2 while selected bond 
lengths and angles are presented in Table 3. The 
ruthenium framework is best described as a trigonal 

Fig. 2. The molecular structure of Ru,(CO),,Au,fPh,PCH,PPh,) 
(2) showing the atom numbering scheme. Hydrogen atoms have been 
omitted for clarity. 
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TABLE 3. Selected bond lengths (A) and angles (“1 for 

Ru,(CO),,Au,{Ph,PCH,PPh~) (2) 

Ru(l)-Ru(2) 3.027(2) Ru(l)-Ru(3) 2.698(3) 
Ru(l)-Ru(4) 2.916(3) Ru(l)-Ru(5) 2.693(3) 

Ru(l)-Au(l) 2.900(3) Ru(l)-AU(~) 2.946(3) 

Ru(2)-Rut31 3.005(3) Ru(2)-Ru(4) 2.792(3) 

Ru(2)-Ru(5) 3.051(3) Ru(2)-Au(l) 2.877(2) 

Ru(2)-AU(~) 2.820(3) Rd3)-Ru(4) 2.933(3) 

RuO)-Au(l) 2.829(3) Ru(4)-Ru(5) 2.919(3) 

Ru(5)-AU(~) 2.785(3) Au(l)-AU(~) 2.944(2) 

Au(l)-P(1) 2.312(7) Au(2)-P(2) 2.306(7) 

Ru(2)-Ru(!)-Ru(3) 63.00) Ru(2)-R&j-Ru(4) 56.0(l) 

Ru(3)-Ru(l)-Ru(4) 62.9(l) Ru(2)-Ru(l)-Ru(5) 64.1(l) 

RuO)-Ru(l)-Rut51 118.40) Ru(4)-Ru(l)-Ru(5) 62.6(l) 

Ru(2)-Ru(l)-Au(l) 58.0(l) Ru(3)-Ru(l)-Au(l) 60.60) 

Ru(4)-Ru(l)-Au(l) 106.1(l) Ru(S)-Ru(l)-Au(l) 111.9(l) 

Ru(2)-Ru(l)-Au(Z) 56.3(l) Ru(3)-Ru(l)-AU(~) 110.50) 

Ru(4)-Ru(l)-AU(~) 103&l) Ru(5)-Ru(l)-AU(~) 59.0(l) 

Au(l)-Ru(l)-AU(~) 60.5(l) Ru(l)-Ru(2)-Ru(3) 53.10) 

Ru(l)-Ru(2)-Ru(4) 60.0(l) Ru(3)-Ru(2)-Ru(4) 60.7(l) 

Ru(l)-Ru(2)-Ru(5) 52.60) Ru(3)-Ru(2)-Ru(5) 99.80) 

Ru(4)-Ru(2)-Ru(5) 59.70) Ru(l)-Ru(2)--Au(l) 58.8(l) 

Ru(3)-Ru(2)-Au(l) 57.4(l) Ru(4)-Ru(2)-Au(l) 110.2(l) 

Ru(S)-Ru(2)-Au(l) 102.80) R&j--Ru(Z)-AU(~) 60.4(l) 

Ru(3)-Ru(2)-Au(2) 105.5(l) Ru(4)-Ru(2)-Au(2) 110.1(l) 

Ru(5)-Ru(2)-Au(2) 56.50) Au(l)-Ru(2)-AU(~) 62.2(l) 

Ru(l)-Ru(3)-Ru(2) 63.9(l) Ru(l)-Ru(3)-Ru(4) 62.2(l) 

Ru(2)-Ru(3)-Ru(4) 56.1(l) Ru(l)-Ru(3)-Au(l) 63.2(l) 

Ru(2)-Ru(3)-Au(l) 59.0(l) Ru(4)-Ru(3)-Au(l) 107.6(l) 

RUG)-Ru(4)-Ru(2) 64.0(l) Ru(l)-Ru(4)-Ru(3) 54.9(l) 

Ru(2)-Ru(4)-Ru(3) 63.3(l) Ru(l)-Ru(4)-Ru(5) 55.0(l) 

Ru(2)-Ru(4)-Ru(5) 64.5(l) Ru(3)-Ru(4)-Ru(5) 104.7(l) 

Ru(l)-Ru(S)-Rut21 63.3(l) Ru(l)-Ru(S)-Ru(4) 62.4(l) 

Ru(2)-Ru(5)-Ru(4) 55.7(l) Ru(l)-Ru(S)-AU(~) 65.0(l) 

Ru(2)-Ru(5)-Au(2) 57.6(l) Ru(4)-Ru(5)-Au(2) 107.5(l) 

Ru(l)-Au(l)-Ru(2) 63.2(l) Ru(l)-Au(l)-Ru(3) 56.20) 

Ru(2)-Au(l)-Ru(3) 63.5(l) Ru(l)-Au(l)-AU(~) 60.5(l) 

Ru(2)-Au(l)-AU(~) 57.9(l) Ru(3)-Au(l)-AU(~) 106.9(l) 

Ru(l)-Au(l)-P(1) 129.4(2) Ru(2)-Au(l)-P(1) 138.2(2) 

Ru(S)-Au(l)-P(1) 158.1(2) AU(~)-Au(l)-P(1) 91.7(2) 

Ru(l)-AU(~)-Ru(2) 63.30) Ru(l)-AU(~)-Rut51 56.00) 

Ru(2)-Au(2)-Ru(5) 65.9(l) Ru(l)-AU(~)-Au(l) 59.0(l) 

Ru(2)-Au(2)-Au(l) 59.9(l) Ru(5)-AU(~)-Au(l) 108.0(l) 

Ru(l)-Au(2)-P(2) 130.2(2) Ru(2)-Au(2)-P(2) 138.4(2) 

Ru(5)-Au(2&-P(2) 155.5(2) Au(l)-AU(~)-P(2) 91.9(2) 

bipyramid to which are coordinated three bridging and 
twelve terminal carbonyls. The two Au atoms of the 
chelating Au,{Ph,PCH,PPh,l ligand coordinate to two 
adjacent faces of the Ru, trigonal bipyramid in a 
p3 : p3 bonding mode, while the Au-Au contact is also 
retained. Overall the Ru,Au, framework may be de- 
scribed as a pentagonal bipyramid with two Ru atoms 
in the axial sites. The trigonal bipyramidal metal geom- 
etry has not been previously structurally characterized 
for ruthenium although a number of analogous osmium 
structures have been reported [13]. The p3 : pu, mode 
of bonding for two gold phosphine fragments has al- 
ready been observed in the structures of Os,(CO),,- 

(AuPMePh,), [14l and Oss(CO),,(AuPPh,), [15]. 
However, in both these cases the Au * * - Au separation 
is over 4 A and there can be no direct interaction 
between the two Au atoms. In the structure of 2 the 
Au-Au separation is 2.944(2) A, and some form of 
direct interaction m,ay be contemplated, although the 
distance is cu. 0.08 A longer than the value found in 1. 
The structure of 2 represents the first example of the 
p3 : p3 mode of coordination of two Au atoms of a gold 
phosphine in which a relatively short Au-Au contact is 
retained. This result is presumably a constraint placed 
on the structure by the presence of the chelating 
bidentate Au,{Ph,PCH,PPh,) ligand. 

In terms of electron counting, if the Au,{Ph,PCH,- 
PPh,) group acts as a two electron donor, the overall 
electron count is 72 electrons, which is consistent with 
the trigonal bipyramidal geometry of the ruthenium 

TABLE 4. Crystal data and data collection parameters for 1 and 2 

Compound 1 2 

Formula C,H,,Auz%PzRu, C,H2,Au&P,Rus 

FW 1844.89 

Colour; habit black prism 

Crystal size (mm) 0.24 x 0.22 x 0.20 

Crystal system Monoclinic 

Space group P2, /c 

a (A) 15.383(3) 

b Cli, 15.865(3) 

c (A) 20.863(4) 

p (“I 108.03(3) 

v (;i3) 4842(2) 

Z 4 

Calc. density 

(g cmm3) 2.531 

Absorption coeff. 

(cm-‘) 79.87 

FXOOO) 3416 

28 range (“1 5-45 

Scan type O-28 

Scan speed (“/min) 2.93-29.3 

Scan range (“1 1.4 + K, separation 

Reflections collected 7012 

Unique reflections 6516 (Rint = 0.027) 

Observed reflections 

[F > 4o(F)l 3992 

Transmission factors 

MaX. 0.180 

Min. 0.115 

Goodness-of-fit 1.062 
R indices 

RI 0.049 

wR, (all data) 0.108 
Largest diff. peak 

(e Am31 2.004 

Largest diff. hole 

(e A-3) - 0.875 

+ 2CH,OH 

1767.9 

black block 

0.52 x 0.32 x 0.26 

Monoclinic 

P2, /c 

17.034(7) 

12.781(5) 

23.092( 10) 

93.14(3) 

5020(4) 

4 

2.339 

74.16 

3304 

5-45 

w-28 

3.00-19.5 

1.6 + K, separation 

7084 

6597 (Ri,, = 0.011) 

3970 

0.155 
0.097 
1.47 

0.063 

0.082 

2.08 

- 1.35 
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TABLE 5. Atomic coordinates (X 104) and equivalent isotropic displacement parameters (AZ X 10’); CIe, is defined as one-third of the trace of 
the orthogonalized Qj tensor for 1 

x Y z cl ca 

Ru(l) 
Ru(2) 
Ru(3) 
Ru(4) 
RUG) 
Ru(6) 
Au(l) 
AU(~) 
C(1) 
all) 
C(12) 
CC131 
cc211 
C(22) 
C(23) 
cc311 
C(32) 
cc40 
Cc421 
cc511 
cc521 
C(53) 
C(61) 
C(62) 
C(63) 
001) 
002) 
003) 
O(21) 
O(22) 
O(23) 
O(31) 
o(32) 
a40 
O(42) 
o(51) 
(X52) 
O(53) 
O(61) 
O(62) 
O(63) 
P(1) 
P(2) 
C(2) 
cull) 
C(112) 
C(113) 
C(114) 
C(115) 
C(116) 
C(121) 
C(122) 
C(123) 
C(124) 
C(125) 
C(126) 
C(211) 
C(212) 
C(213) 

6198.8(10) 
5660.7(10) 
4827.500) 
6570.8(11) 
5924.3(11) 
7509.5(10) 
7323.9(5) 
7693.2(5) 
6149(12) 
592cu3) 
6802(13) 
493503) 
4364(14) 
5580(13) 
5683(15) 
3528(14) 
4858(14) 
690805) 
6559(14) 
6289(15) 
5562(18) 
4673(12) 
7922(13) 
7753(15) 
8751(15) 
5731(11) 
7166(11) 
4455(g) 
3609(10) 
547300) 
5628(13) 
275000) 
4669(9) 
713601) 
660607) 
653402) 
5322(16) 
412cNlO) 
8607(10) 
8037(11) 
9526UO) 
8743(3) 

8590(3) 
9356(11) 
8275(12) 
7364(14) 
7035(15) 
752906) 
8409(17) 
8817(15) 
963004) 
942002) 

10079(19) 
10949(17) 
11144(15) 
10530(16) 
9294(11) 
8901(13) 
934705) 

2342.6(9) 
3056.2(g) 
1505.2(9) 
722.7(9) 

1441.9(9) 
2083.3(9) 
3820.2(4) 
3319.4(5) 
1894(10) 
338703) 
1904(14) 
1929(10) 
2948(12) 
4168U3) 
3480(12) 
148803) 
39403) 
165(13) 

- 352(15) 
508(14) 

187403) 
933(10) 
936(11) 

192002) 
2441(12) 
3970(9) 
1686(12) 
1898(g) 
3142(9) 
4807(9) 
3776(9) 
148000) 

- 253(8) 
- 148(12) 

- 1012(10) 
- 64(11) 
209302) 
533(9) 
502(g) 

183901) 
2547(9) 
4400(3) 
4684(3) 
4554(10) 
5427(12) 
5514(12) 
6317(15) 
704905) 
693803) 
6142(13) 
4222(11) 
3794(13) 
363404) 
395404) 
4388(15) 
453203) 
436NlO) 
406OG2) 
3787(15) 

792.1(7) 
1881.9(7) 
1190.2(7) 
1496.2(g) 
2551.87(7) 
2237.7(7) 
2438.6(4) 
1230.3(4) 
1701(8) 

299(9) 
206(11) 
199(10) 

1567(11) 
1474(10) 
272601) 
830(9) 
85ti9) 
805(11) 

1859(13) 
3088(12) 
327101) 
2092(g) 
2044(9) 
315900) 
2434(l) 
- 33(7) 

- 178(8) 
- 337(6) 
1438(10) 
1247(g) 
3223(9) 
665(7) 
618(7) 
392(g) 

2104(12) 
345300) 
3701(g) 
2221(7) 
2179(7) 
3745(7) 
2608(7) 
1389(2) 
2816(2) 
2283(7) 

1136(9) 
75 l(9) 
551(13) 
730(11) 

1101(10) 
1307(9) 
1007(9) 
42600) 
9800) 

375(12) 
940(12) 

1270(10) 
3625(g) 
4083(8) 
471401) 

29.2(8) 
29.4(9) 
31.4(8) 
36.1(9) 
37.4(10) 
31.2(9) 
33.5(4) 
35.0(4) 

3401) 
44(13) 

5%13) 
35(12) 
55(13) 
46(13) 
53U6) 
4803) 
45(15) 

6006) 
73(13) 
6405) 
67(21) 
31(12) 

40(13) 
52(16) 
53(14) 
73(13) 
9803) 

46(8) 
92(10) 
6501) 
94(18) 

73(9) 
50(9) 

112(12) 
141(25) 
113(14) 
126(23) 
6901) 
61(9) 
8803) 
6900) 
33(3) 
33(3) 
2702) 
39(12) 
47(14) 
8103) 
6707) 

6409) 
54(15) 
41(14) 
5101) 
67(21) 
6508) 
65(14) 
65(19) 
3101) 
47(13) 

7005) 
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TABLE 5 (continued) 

X Y z u eq 

C(214) 10319(16) 3812(14) 493800) 66(H) 
C(215) 
C(216) 

C(221) 

C(222) 

C(223) 
C(224) 

C(225) 

Cc2261 

10750(16) 

10230(13) 

844002) 
7581(13) 

7447(14) 

8149(21) 

895008) 
9141(16) 

4078(13) 
4360(13) 

58090 1) 
6143(12) 

7032(13) 

7515(13) 

720903) 
6334(13) 

4504(9) 

386300) 

2849(8) 
2490(10) 

2470(11) 
2861(13) 

3213(11) 

321 l(9) 

63i16j 

52(13) 
32(12) 

49(13) 
5803) 

78(26) 

60(20) 
58(16) 

core. As observed in the structure of 1, the longest 
Ru-Ru edge lengths in 2 are those associated with the 
capping Au atoms. The Ru(l)-Ru(21, Ru(2)-Ru(3) 
and Ru(~)-Ru(~)~ edge lengths lie in the range 
3.005(3)-3.051(3) A, but the other two edge of the 
capped faces Ru(l)-Rut31 and Ru(l)-Ru(5) are short, 
at 2.698(3) and 2.693(3) A, respectively. Consistent 
with this, the capping Au atoms show significant asym- 
metry with shtrter Au-Ru contacts to Ru(2) (2.820(3) 
and 2.877(3) A> than to Ru(l) (2.900(3) and 2.946(3) 
A). 

The difference in reactivity between the carbido and 
non-carbido hexanuclear dianions of ruthenium with 
the chelating dication [Au,{Ph,PCH,PPh,)l*+ reflects 
the increased stability towards cluster fragmentation in 
the carbido complex. In the synthesis of 1, the expected 
redox condensation reaction occurred to give the 
Ru,Au, cluster, whereas in the synthesis of 2, cluster 
breakdown occurred and the Ru,Au, cluster was ob- 
tained as the major product. Clearly, the presence of 
the chelating digold phosphine has a marked influence 
on the conformation of the product formed, and the 
metal core geometry may differ significantly from ob- 
served when two monodentate gold phosphine ligands 
are employed instead. 

- 78°C in a dry ice/acetone bath. Freshly sublimed 
trimethylamine oxide (240 mg) was dissolved in MeCN 
(30 cm31 and added dropwise to the solution over a 
period of 1 h. After complete addition, the solution 
was allowed to warm slowly to room temperature dur- 
ing which time it changed colour from orange to or- 
ange/yellow to bright lemon yellow indicating the se- 
quential formation of Ru,(CO),,NCMe and Ru, 
(CO),&NCMe),. Pyridine (1 cm3, excess) was added to 
the solution and its colour changed to orange over a 
period of 1 h. The solvent was removed under vacuum 
to yield an orange solid Ru,H(CO),,(C,H,N). The 
solid was partially redissolved in CH,Cl, and placed in 
a 180 cm3 Carius pyrolysis tube and the solvent re- 
moved under vacuum whilst rotating the tube to obtain 
an even coating of the material on the walls. The tube 
was evacuated to a pressure of 10e3 Torr and sealed. 
The tube was heated at a temperature of 150°C for 48 
h yielding a dark brown orange material. The contents 
of the tube were extracted with acetone containing an 
excess (1000 mg) of [N(PPh,),][BF,l and the mixture 
separated by TLC (acetone/hexane, 1: 1). The prod- 
ucts were purple/black [N(PPh3)212[Ru,,C2(CO)2J 
(ca. 20%) and orange [N(PPh,),],[Ru,C(CO),,] (ca. 
50%), as identified by IR and mass spectroscopy. 

3. Experimental details 3.2. Preparation of [N(PPh,),I[Ru,(CO),,l 

All the reactions were carried out under an atmo- 
sphere of dry, oxygen-free nitrogen using standard 
Schlenk and vacuum line techniques. Technical grade 
solvents were purified by standard procedures. Mass 
spectra were recorded on the Kratos model MS 902, 
IR spectra on a Per-kin-Elmer 1710 FT-IR spectrome- 
ter and ‘H and 31P NMR spectra on a Bruker WH 250 
MHz spectrometer, respectively. Ru3(CO)i2 was pre- 
pared by literature methods [16]. 

Ru,(CO),, (1000 mg) was refluxed in MeCN (200 
cm*) for 3 h at which point an excess of [N(PPh,),][BF,] 
(1000 mg> was added. The solution was cooled and 
evacuated to near dryness, the mixture was separated 
by TLC (acetone/ hexane 1: 1). [N(PPh,),I[Ru,(CO),,] 
was isolated as the major product (ca. 60%) as identi- 
fied by IR and mass spectroscopy. 

3.3. Preparation of RugC(CO)16 Au,{Ph, PCH, PPh,) 
(1) 

3.1. Preparation of [N(PPh,),I[Ru,C(CO),,] 
Ru,(CO),, (1000 mg) was dissolved in 500 cm3 of 

CH,Cl,/MeCN (1: 1) and the solution cooled to 

[N(PPh,),][Ru,C(CO>,,] (100 mg) was dissolved in 
CH,Cl, and to the stirred solution was added 1.1 
equiv. of Au,{Ph,PCH,PPh,~C1, and 2.2 equiv. of 
TIPF, with stirring overnight. The mixture was filtered 
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TABLE 6. Atomic coordinates (X 104) and equivalent isotropic displacement coefficients (A* X 103) for 2 

299 

X Y z u a =I 

RUM 7583(l) 

Ru(2) 75550) 

Ru(3) 62660) 

Ru(4) 77310) 

Ru(5) 8974(l) 

Au(l) 6603( 1) 

AU(~) 83240) 

CO11 6832(20) 

C(12) 8497(15) 

c(13) 751505) 

C(21) 8208(16) 

C(22) 7562(15) 

C(23) 674407) 

C(31) 5771(17) 

Cc321 5354(20) 

C(33) 585407) 

cx41) 862909) 

Cc421 7882(23) 

cc431 7017(21) 

C(51) 944004) 

Cc521 9641(34) 

C(53) 9553(19) 

001) 656006) 

002) 8853(15) 

003) 749102) 

o(21) 860803) 

o(22) 756902) 

O(23) 6296(13) 

o(31) 5455(15) 

O(32) 4774(13) 

O(33) 5618(16) 

O(41) 909404) 

O(42) 7997(20) 

O(43) 6570(17) 

O(51) 9744(12) 

o(52) 10156(14) 

O(53) 993M14) 

P(l) 6452(4) 

P(2) 8257(4) 

C(l) 7331(13) 

C(111) 6212(15) 

C(112) 623404) 

C(113) 6104(16) 

C(114) 596908) 

C(115) 5811(20) 

c(ll6) 6000(17) 

C(121) 572205) 

C(122) 5869(18) 

CX123) 5282(19) 
C(124) 4600(20) 

C(125) 4360(21) 

C(126) 500609) 

C(211) 823504) 

C(212) 800009) 

C(213) 7975(23) 

c(214) 8199(20) 

C(215) 8309(16) 
C(216) 8369(16) 

C(221) 897205) 

C(222) 9531(27) 
C(223) 10168(36) 

- 225(2) 
1706(2) 

llti2) 
- 270(2) 

353(2) 
1567(l) 

17750) 
- 1325(22) 

- 1129(24) 

- 15007) 
2802(23) 

1452(25) 
2727(22) 

- 1072(26) 

412(22) 
938(31) 

- 238(25) 

- 1683(24) 

-551(23) 

1274(22) 

587(28) 
- 785(26) 

- 209308) 
- 1825(17) 

- 219(16) 

357107) 
1744(16) 

339007) 
- 181208) 

5ON20) 
1438(21) 

- 287(20) 

- 253408) 
- 748(25) 

184008) 

79Ow 
- 143809) 

2453(5) 
2714(5) 
2418(20) 

3855(21) 
4306(21) 
5368(23) 
5941(28) 

5500(28) 
4401(25) 
1940(20) 
1783(22) 

1368(25) 
1190(25) 
1364(25) 
1795(24) 
4117(20) 
4783(27) 

5885(35) 
6260(31) 
5676(23) 
4627(23) 
2433(21) 

3171(39) 
2970(50) 

19850) 

27430) 
25550) 

32480) 
2498(l) 
1677(l) 

1693(l) 

1974(14) 

190203) 
1200(12) 

279502) 
3562(12) 
2763(10) 

284001) 
2033(15) 
311108) 

377805) 
3052(14) 

3789(14) 

304402) 
1896(21) 

284905) 
1883(9) 

177801) 
692(9) 

2877(9) 

404ti8) 
281800) 
3049(11) 
179OUl) 

351103) 
4154(9) 
2973(11) 
4157(11) 

336700) 
162002) 
3013(10) 

805(3) 

839(3) 
406(10) 

86502) 
140002) 
146504) 
988(15) 
46506) 

38504) 
291(11) 

- 298(13) 

- 68806) 
- 487(15) 

5605) 
48805) 
92101) 

42205) 
485(20) 

102306) 
1473(14) 
1433(13) 

358(11) 
192(21) 

- 185W 

47(l) 
48(l) 

55(l) 
610) 

57(l) 

480) 
51(l) 

8404) 

7002) 
5500) 

6902) 
72(12) 

59(11) 
72(12) 

7904) 
104(17) 

8304) 
9706) 

8504) 

5700) 
186(30) 

9405) 
11602) 
119(12) 

88(9) 

9400) 
88(9) 
9800) 

117(12) 
107(11) 
142(14) 
107(11) 

15106) 
151(16) 
102(10) 

13704) 
106(11) 

53(3) 
56(3) 

57(7) 
60(7) 
63(8) 
77(9) 
9300) 

10702) 

9000) 
59(7) 

81(9) 
9501) 
92(10) 

100(11) 
9500) 

5ti7) 
lOl(11) 
13905) 
106(12) 

75(9) 
76(9) 

59(7) 
162(18) 
22M27) 
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TABLE 6 (conrinued) 
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x Y z u = 
=I 

C(224) 10227(25) 1903(33) - 396(18) 130(14) 
cc2251 9599(26) 137%38) - 323(20) 148(17) 
C(226) 9028(27) 1584(35) 10809) 145(16) 
o(3) 2239(19) 1769(25) 621(14) 16102) 
o(2) 2483(17) - 299(22) 954(12) 13200) 
c(3) 1734(32) 1235(43) 613(23) 169(20) 
c(2) 2796(34) 228(47) 1209(26) 129(25) 

a Equivalent isotropic U defined as one-third of the trace of the orthogonalized yj tensor. 

and evacuated to near dryness and separated by TLC 
(CH,CI,/ hexane 90 : 10). The red cluster Ru,C(CO),,- 
Au,{Ph,PCH,PPh,} was isolated as the main product 
ca. 80-90% yield Anal. Found: C, 27.75; H, 1.20. 
C,,H,,Au,O,,P,Ru, calcd.: C, 27.18; H, 1.42%. 

3.4. Preparation of Ru,(CO),,Au,{Ph,PCH,PPh,) (2) 
[N(PPh,),][Ru,(CO),,] (100 mg) was dissolved in 

CH,Cl, and to the stirred solution was added 1.1 
equiv. of Au,{Ph,PCH,PPh,}Cl, and 2.2 equiv. of 
TIPF, with stirring overnight. The mixture was filtered 
and evacuated to near dryness and separated by TLC 
(CH,Cl,/ hexane 90 : 10). The brown/ red cluster 
Ru,(CO),,Au,{Ph,PCH,PPh,) was isolated as the 
main product in ca. 50-60% yield Anal. Found: C, 
28.18; H, 1.33. C,H,,Au,O,,P,Ru, calcd.: C, 28.20; 
H, 1.39%. 

3.5. Crystal structure determinations of Ru,C(CO),,- 
Au,{Ph,PCH,-PPh} (1) and Ru,(CO),,Au,{Ph,- 
PCH, PPh,} (2) 

Crystal data and data collection parameters for 1 
and 2 are summarized in Table 4. The intensity data 
were recorded at room temperature on a Siemens 
R3mV four-circle diffractometer using graphite 
monochromated MO Ka radiation (A = 0.71073 A). In 
both cases, the data was corrected for Lorentz-polari- 
zation effects and for absorption using a semi-em- 
pirical q-scan method. The structures were solved by a 
combination of direct methods and Fourier difference 
techniques, and refined by full matrix least-squares 
analysis (structure 1 on F* and structure 2 on F) with 
all non-hydrogen atoms assigned anisotropic displace- 
ment parameters (for 1) and all non-hydrogen atoms 
except the phenyl carbon atoms assigned anisotropic 
displacement parameters (for 2). The hydrogen atoms 
for the phenyl and methylene groups in both stryctures 
were placed in idealized positions (C-H 0.96 A> and 
allowed to ride on the relevant carbon; the isotropic 
displacement parameters were set at 0.08 A*. In the 
structure of 2, two solvent molecules of methanol were 

located and the C and 0 atoms were refined with 
individual isotropic displacement parameters. In the 
final cycles of refinement, a weighting scheme was used 
which minimized the dependence on F and on sin 8. 
Refinement continued until convergence was reached. 
The structures were solved using the SHELXTL-PLUS 

software package [171 and refined using SHELXTL-PLUS 
for 2 and SHELXL-92 [lS] for 1. Final atomic coordinates 
and equivalent isotropic displacement parameters for 1 
and 2 are listed in Tables 5 and 6. Full lists of atomic 
coordinates, bond lengths and angles, and thermal 
parameters can be obtained from the authors. 
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