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Summary 

New trimetallic HRuCO,_,R~,~(CO),~ (x = 1, 2) mixed metal clusters have been 
obtained from the reaction of Rh(CO),- with RuCo,(CO),,. The mixture of clusters 
formed was treated with Ph,PAuCl to give gold phosphine derivatives. The latter 
compounds were characterized in solution by 31P NMR spectroscopy and in the 
solid state by X-ray crystallography. The Ph,PAuRuCo3_,YRhY(CO),, (x = l-3) 
form crystals with mixed composition: triclinic, space group Pi. a 8.968(l), b 
14.374(2), c 14.948(2) A, (Y 116.51(l), p 94.99(l), y 87.98(1)a, Z = 2. The molecular 
structure closely resembles that of the Ph,PAuRuCo,(CO),, cluster, with the gold 
ligand capping the Co-Rh triangle. The 3’P spectrum of the mixture is consistent 

with the mixed metal cluster formulation. 

Introduction 

The tetrahedral mixed metal clusters of the iron and cobalt groups form one of 
the most studied mixed metal systems. The formula of these clusters can be 
generalized as H,M,M’,_,(CO),,, x = O-4, where M is an iron group metal (Fe, Ru 

or OS) and M’ is a cobalt group metal (Co, Rh, Ir). These clusters, their ions, and 
derivatives offer useful systems for studying the properties of a well defined mixed 
metal system of a variable composition. Clusters of bimetallic composition have 
been studied extensively in this class for several pairs of elements, but corresponding 
studies for clusters with three different metals are rare. This may be due to the 
difficulties in separation and characterization. 

In the present study clusters of the composition HRuCo,_ .Rh,(CO),, (x = O-3) 
were synthesized, and their properties be correlated with those of the corresponding 
Ru-Rh, Ru-Co and Rl-Co clusters. Related structurally characterized clusters are 
HFeCo,(CO),, [l], HRuCo,(CO),, [2], HOsCo,(CO),, [3], HRuRh,(CO),, [4], and 
the gold phosphine derivatives Ph,PAuFeCo,(CO),, [5] and Ph,PAuRuCo,(CO),, 
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(61. The cluster HRuC’o, , Rh, (CC)),, was characteri& \Y;I the gold phosphine 
deriwtives, Lvhich were .studied b> X-ray diffraction and “P N bR q?ectrwcopy. 

Experimental 

The mixture of HRuCql ,Rh~(CO),2 (_I- =z (I- 3) \vas made by stirring Rh(C‘O), 
(from 74 mg Rh,(CO),CI,) \vith RuCo,(C’O),, (94 rngj in ‘T’HF for 1 h. and trzzting 

the anionic mixture with X5’; tl ,P04 icy. 1). The neutral h!dridc cluster\ \\c‘rc‘ then 

extracted by 11eua11e from the acid phase. The component\ could ncjt hc wparatecf 
from each other by chromatagraph> on silica gel u\inp hewne as cluent. A.\ 

previously reported HRuRh I(c‘O),, decomposes during the wpar-ation 131. and LX 

305’; of the original ruthenium was isolated as HRuCo. , Rh, !CO). . I !_ :, ~~ 0 -31 f.75 
mg). The gold triphenql phosphine compounds \vere prqwrcd in kHF h\ the 

sequence shown in eq 2, the h\idride ligand \has first remwcd 11~ KH. I’oll~~~ed h\ 

chromatography (heuane,/CH,;‘i2 = l//4). 

X-I.+. diffraction 

Brown crystals of Ph,PAuRuCo, ,Rh, (CO),, suitable for the N-r-a! analybi~ 
were obtained by slow evaporation of a hexane/CH,Cl, xolution at 10°C. A flat 
crvstal of dimensions 0.08 Y 0.35 >< 0.40 mm uns sclectcd and nioutited on 3 Nicolzt 
Rim diffractometer. Unit cell parameters were obtained 13~ least-xyuares wfinemcnt 
of 20-angles of 25 carefully centered reflections in the range 1”; *I _1.f/ i 25. lntensltic‘s 
were collected at 295 K in the range 3 i 28 c. 55. 01‘ the ii)t&ll 7915 independent 
reflections 5749 (I 1~ 30( I )) Mere used for the refinement of the structure. lntenaitic~ 
were corrected for background. polarisation. and Lorenz cffccts. Empirical ahscq- 
tion corrections were made inr $-scan data. 

Cr,xtul dutu. Ph iPAuRuC‘o, (,Rh, ,(CO),,. triclinic, (I X.96X( 1). IJ 14,.?74(7). i’ 
14.948(2) A. N 11651(l). /I 94.9911) y X?.%(l)“. I~’ 1717.7(,4] 4’. %:= 7. qw~‘group 
pi. Mo-K, radiation. ,u( r\4c)-ii,,) 57.3 cm !. 

The structure wah solved bq direct and Fourier methods and refined h> least- 
squares calculations of the SHELXTL program package [ I 11 \tith initiall? isotropic 
and then anisotropic thermal parameters for non-hvdrogtzn atoms. The h\drogen 
atoms were placed at their geometricall\ calculated pwitionr (GH 0.46 4) and 

refined with isotropic thermal parameter;(C!( H) = I .I! y’ ( ‘(parent (3). Tiir strircturc 
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TABLE 1 

INFRARED SPECTRA (hexane solution) 

v(C0) (cm-‘) 

HRuCoX(CO),> 2065vs, 2058~s. 2025s. 1887s 

HRuR~,(CO),~ 2106w, 2077s, 2067vs, 2036m, 2012111, 1917m.l898m, 1883m 
HRuCo,-.fi,(CO),, 2110~. 2082s. 2076s. 2065~s. 2056~ 2035s. 2024m, 2015~. 1917m 

1895w, 1885m, 1867m, 1860sh 

Ph3PAuRuCo,(CO),, 2082m, 2055vs, 2030s. 202Os, 1992s. 1960~s. 1865m 

Ph,PAuRuRh,(CO),, 2080m, 2062w, 2038vs, 2010~. 1990s 1885s 

Ph,PAuRuCo,_,Rh,(CO),z 2080m, 2055vs, 2038s. 2025s. 2015s. 2000~. 1990s 1960~s. 1885w, 

1868w, 1857m 

consists of a trigonal bipyramidal AuRuCo,Rh_ ~ core with the Ru and Au atoms 
in apical positions. The metal atoms in the equatorial positions are disordered and 
the crystal evidently contains separate Ph,PAuRuCo,(CO),,, Ph,PAuRuCo,- 
Rh(CO),,, Ph,PAuRuCoRh,(CO),, and Ph,PAuRuRh,(CO),, molecules. All pos- 
sible combinations of the rhodium and cobalt atoms in the equatorial plane were 
included in the structure determination. In every ordered model the electron density 
map calculations revealed either considerable residual electron density or negative 
wells in equatorial metal sites. The best model (R = 0,051 and R,. = 0.054) was 
achieved when both rhodium and cobalt atoms were placed in every equatorial metal 
atom position with site occupancy factors of 0.35, 0.20, 0.85 for Rh and 0.65, 0.80, 
0.15 for Co atom in metal sites 1, 2 and 3. respectively. The final difference electron 
density map in the equatorial plane was featureless. The disordered model is also 
supported by the observed metal-metal distances. 

NMR-spectroscopy 
31P NMR spectra were recorded on a Bruker AM-250 spectrometer in 10 mm 

NMR tubes using CDCl, as a solvent at ambient temperature. Broad-band decou- 
pling was used to remove the ‘H-31P couplings. The shifts are relative to 85% 
H,PO, placed in a coaxial tube. 

IR spectroscopy 
Infrared spectra were recorded in n-hexane solution on a Perkin-Elmer 297 

infrared spectrophotometer using ZnS solution cells. The data are given in Table 1. 

Results and discussion 

The synthesis of HRuCo,_,Rh,(CO),, and their gold phosphine derivatives 
confirms that the standard metallate anion method also provides a synthetic route to 
heterometallic clusters of three different elements. as was demonstrated previously 
by Vahrenkamp [18]. The difficulties in the separation of the individual clusters were 
circumvented by using the gold phosphine derivatives. 

The crystal structure of Ph,PAuRuCo,_.,Rh,(CO),2 shows the common bi- 
pyramidal metal frame, Fig. 1. The coordinates of the atoms and the selected bond 
lengths and angles are given in Tables 2 and 3. All observed Ru-M, (i = 1, 2, 3) 
distances (Table 4) are longer than the Ru-Co distances in the comparable RuCo,M 

(Conlinued on p. 396) 
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TABLE 2 

FRACTIONAL ATOMIC COORDINATES (x 104) AND TEMPERATURE FACTORS (A2 X 10’) 
FOR Ph,PAuRuCo, ,Rh,,,(CO),, 

Atom x Y z U” 

AU 3391(l) 
Ru 

M(t) h 
M(2) h 
M(3) h 
P 

D(1) 
O(2) 
O(3) 
D(4) 
O(5) 
O(6) 
D(7) 
O(8) 
O(9) 
002) 
W3) 
~23) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(l2) 
C(l3) 
C(23) 
C(41) 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(51) 
C(52) 
C(53) 
C(54) 
C(55) 
C(56) 
C(61) 
C(62) 
C(63) 
C(64) 
C(65) 
C(66) 

2940(l) 
4846( 1) 
2644(l) 
1999(l) 
4016(2) 
3392(11) 

- 138(10) 
4452(11) 
6761(10) 
7513(9) 
1866(12) 
2260(11) 
- 22(12) 
877(11) 

5700(9) 
4423(9) 

- 585(7) 
3253(11) 
1004(11) 
3930(12) 
5810(16) 
6443(11) 
2176(13) 
2492(11) 

755(11) 
1318(11) 
4852(10) 
4055(11) 

668(10) 
3504(9) 
4385(12) 
3988(15) 
2724(19) 
1849(18) 
2240(12) 
6026(9) 
6715(12) 
8261(14) 
9112(12) 
8446(12) 
6882(11) 
3219(8) 
3095(10) 
2461(13) 
1897(14) 
1984(14) 
2638(12) 

4321(l) 
7882(l) 
6233(l) 
6114(l) 
5994(l) 
2631(2) 
8740(7) 
8876(g) 
9726(7) 
8064(8) 
4965(S) 
5013(10) 
7920(6) 
7363(7) 
4086(6) 
5975(10) 
6186(7) 
5905(8) 
8407(7) 
8471(8) 
9002(g) 
7448(10) 
53X5(9) 
5396(g) 
7374(8) 
6858(S) 
4739(g) 
6052(8) 
6152(S) 
5955(7) 
2165(7) 
1408(9) 
1043(12) 
1395(13) 
2089(15) 
2509(10) 
2470(7) 
1794(11) 
1732(15) 
2335(14) 
2985(11) 
3076(g) 
1692(6) 
1946(8) 
1293(10) 
339(10) 

74(9) 
746(8) 

2303(l) 
3917(l) 
3490(l) 
2139(l) 
3790(l) 
1333(2) 
6190(5) 
4021(S) 
3885(6) 
4364(8) 
3533(g) 

7(6) 
1773(6) 
5364(S) 
3890(8) 
1502(7) 
5438(6) 
2282(7) 
5351(7) 
3963(8) 
3878(7) 
4049(9) 
3446(8) 

832(8) 
2180(g) 
4769(9) 
3791(g) 
2054(7) 
4669(6) 
2512(7) 

2(6) 
- 706(7) 

-1686(E) 
- 2017(10) 
- 1371(11) 
- 311(9) 
1416(6) 
1741(9) 
1831(12) 
1575(12) 
1224(13) 
1145(11) 
1655(6) 
2657(7) 
2948(9) 
2227(11) 
1221(10) 
948(8) 

46(l) 
43(l) 
42(l) 
39(l) 
35(l) 
4W) 
84(4) 

lOl(5) 

87(4) 
98(S) 
98(5) 

116(6) 

87(4) 
109(5) 

93(5) 
107(6) 

77(4) 
86(5) 
54(4) 
62(4) 
60(4) 
80(5) 
63(5) 
70(5) 
62(4) 
64(5) 
60(4) 
59(4) 
53(4) 
53(4) 
46(3) 
66(5) 
85(6) 
99(7) 

113(9) 

75(5) 
50(3) 
75(6) 

115(9) 
118(8) 
114(8) 

81(6) 
43(3) 
55(4) 
72(5) 
79(6) 
80(5) 
62(4) 

u Equivalent isotropic (i defined as one third of the trace of the orthogonalized (i tensor. b The metal 
atom M(l), M(2) and M(3) sites are occupied by the Co and Rh atoms with occupancy factors of 0.65, 
0.80, 0.15 for Co and 0.35, 0.20, 0.85 for Rh. 



clusters. They are I il so wtnebvhat longer than the Ku -Rh distanwh in 
HRuRh,(CO),,(PPh3)1 [4] but in the same range as those in kIRuRh;(C‘O)t, [4]. 
The batne feature is tnore clearly seen in the R4, M, (i. / -7 1. 7. 3) disrancrx (-Table 
4). Ruthenium atom> co1.1Ic1 conceivahlj present in eyuarorial pcrGtion\ IIS ~\vli. hut 

such models were excluded b> the NMR studies. The metal metal di\.t<lnie> and 
tnetal~Lligand angles do not indicate any hydride ligand5. \vhich sh~\uld lw prawns if 
there were tnore than one ruthenium atom in the cluster. 

The terminal and hridgrng carbonyl group5 show nortxti hl C‘ hmcl IcYlgt:ls 

except the C(4) and C(7) carhonyi carbon\, whicl-t semihridgc MI f2u and 31. Ku. 
Similar semibridges are iwnd in Ph ,P4uRu<“o:(CCI,t, ihi and (Plr ;Pr\u),- 

CoRu,H(CO),, [I?]. 
‘The 7’P NMR spectrum of the Ph,PAuRuCol , Rh %!(‘O)!, mixture I\ shcwn tn 

Fig. 2. There are four altnost equally spaced groups \jf ” f t ItX?tl;1llCCs in Li .Qequence: 
3 singlet at 53.3. a broadened doublet at 46.6, a triplet aI 59.2. and :I quartet ~11 t1Z.3 
ppm. The singlet at 53.5 and the quartet at 62.3 ppnt M’L’J-r .i,Ggncd tc> 
Ph3PAuRuCoi(CO)tz and Ph ;PAuRuRh,(i’O),, by comparisc~n \\ith the spt’ctra of 
the authentic samples 1191. Thz quartet is due to the I-‘--Rh ao-bontl couplrnp\ \\irh 
‘J( Rh P) of 2.7 HL. 

The middle tuo resonancc~ are assigned for Ph iPAuRuRh ,C‘L>(CO~.- ,tnti !‘or 
Ph,PAuRuRhCo,(CO),,. Their chemical shifts are in a good agrcemettl with the 
expected values and the multiplicities (triplet and doublet) rc)gcthcr \vi(h the line 
broadening agree well with Ihe presence 01 Rh :C‘o and RhCc;- entitiey in 111e 
equatorial plane. 

The present results show that “‘P NMR is a sensitive prohe for determination of 
the xtructures of gold phosphinc substituted metal clus[erb. 
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