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Summary 

The reaction of ($-C,H,)Ru[(C,H,),P],Cl with Co(CO),- leads to a mixture of 
metal containing products. One of these products ($-C,H,)Ru[(C,H,),- 
P],(CO),Co THF was isolated in pure form and its structure determined. The 
complex crystallizes in space group P2,/n with a 15.015(l), b 18.543(3), c 16.984(2) 
A, fi 110.75(l)‘, V= 4422 A3 and Z = 4. The structure has been refined to 
R = 0.072, R, 0.073 for 3643 observed reflections. The molecule consists of a 
(T$-C,H,)Ru[(C,H,),P],(CO)+ cation a Co(CO),- anion and a THF molecule of 
crystallization. The cation has a typical “piano-stool” structure and the Co(CO),- 
anion has a nearly ideal tetrahedral configuration. 

Introduction 

Since the discovery of the methanol homologation reaction over three decades ago 
[l] there has been a number of advances in the catalysts employed which has 
resulted in both higher methanol conversions and higher selectivities to ethanol. The 
earliest catalysts, which were simple cobalt compounds, have been largely super- 
seded by more complex systems. Among the best catalysts available are mixtures of 
a cobalt compound, a ruthenium compound and a phosphine along with an iodide 
promoter [2-51. It seemed reasonable to us that a complex containing the Co, Ru, 
and phosphine in close proximity might show enhanced activity over simple mixtures 
of compounds. We have subsequently shown that the metallic components probably 
function independently and that mixtures of Co and Ru complexes perform virtually 
identically as compounds containing Co and Ru in the same molecule [6]. Although 
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this approach did not lead to a more active catalyst system, some interesting new 
complexes were prepared, one of which is described here. 

Results and discussion 

The reaction of TlCo(CO), with ( T$-C5H,)Ru[P(C,H,),],Cl in THF which we 
have previously described [6] yields a product which gives an elemental analysis in 
excellent agreement with the composition C,H,RU[P(C,H,),]~CO(CO),. This 
material, which is obtained as a purple microcrystalline solid in relatively poor 
yields, displays a fairly complex infrared spectrum in the CO stretching region. 
Bands were observed at 2020, 1967, 1908 and 1744 cm ’ indicating a relatively 
unsymmetrical geometry probably containing a bridging carbonyl for the Co(CO), 
moiety in the complex. It is possible that this material contained a mixture of 
products although only a single cyclopentadienyl resonance was observed in the 
NMR spectrum. Another likely possibility is that a ligand exchange reaction could 
have taken place, resulting in the transfer of a phosphine to the cobalt and a CO 
ligand to ruthenium, a known reaction of (q5-C,Hh)R~[P(C6HS)3]ZCl [7]. An 
attempt to resolve this issue by an X-ray diffraction study was not successful since 
crystals suitable for study could not be obtained. 

Numerous minor modifications of the synthetic procedure were tried in order to 
increase the yields of the Ru-Co complex but these were generally not successful. In 
many cases the product contained considerable amounts of an orange solid which 
could be obtained in a pure form by fractional crystallization. This material gave an 
elemental analysis very similar to the purple solid but only two infrared bands at 
1978 and 1872 cm- ’ were observed in the CO stretching region. 

Fig. I. A computer-generated perspectrve drawing of (~5-C,H5)R~[(CclHS)~Pl~(C0)5Co THF. 
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A single crystal X-ray diffraction structure determination was carried out on this 
orange material which proved to be an ionic complex consisting of a ($- 
C,H,)Ru[P(C,H,),],(CO)+ cation and a Co(CO),- anion (see Fig. 1). There is no 
close interaction between the ions or with the solvent (THF) of crystallization. The 
two triphenylphosphine, carbonyl and cyclopentadienyl ligands are coordinated to 
the ruthenium in a typical “piano-stool” fashion. The coordination about the cobalt 
atom deviates only slightly from an ideal tetrahedral geometry. There does not 

(Commued on p. 38) 

TABLE 1 

TABLE OF SELECTED BOND DISTANCES (A) 

Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance 

RU 
Ru 
Ru 
RU 
co 
co 
co 
co 

C(l) 
C(2) 
C(3) 
C(4) 
C(5) 

cx ” 

C(5) 
P(l) 
P(2) 
C(l) 
C(2) 
C(3) 
C(4) 
O(1) 
O(2) 
O(3) 
O(4) 
O(5) 

X392(10) 
1.890(2) 
2.347(13) 
2.361(7) 
1.727(19) 
1.734(12) 
1.740(19) 
1.724(18) 
1.139(31) 
1.160(U) 

1.186(10) 
1.130(25) 
1.135(3) 

P(l) 
P(l) 
P(l) 
wa 
P(2) 
pm 
C(6) 
C(6) 
C(7) 

C(8) 
C(9) 

(311) 
C(17) 
C(23) 
w9) 
C(35) 
C(41) 
C(7) 
C(l0) 
C(8) 
C(9) 

CUO) 

1X36(12) 
1.830(9) 
1.848(17) 
1833(12) 
1X28(17) 
1.814(16) 
1.429(16) 
1.370(13) 
1.410(11) 
1.367(15) 
1.415(13) 

” CX 1s centroid of the cyclopentadienyl ring. 

TABLE 2 

TABLE OF SELECTED BOND ANGLES (“) 

Atom 1 Atom 2 

cx RU 
cx RU 
cx Ru 

C(5) Ru 

C(5) Ru 

P(l) Ru 

C(1) co 

C(l) co 

C(l) co 

C(2) co 

C(2) co 

C(3) co 
co C(1) 
co C(2) 
co C(3) 
CO C(4) 
Ru C(5) 
Ru P(l) 
Ru P(l) 
Ru Iv) 

Atom 3 

C(5) 
P(l) 
P(2) 
Iv) 

P(2) 
P(2) 
C(2) 
C(3) 
C(4) 
C(3) 

C(4) 
C(4) 
O(1) 
O(2) 
O(3) 
O(4) 
O(5) 
C(l1) 
C(l7) 
C(23) 

Angle Atom 1 

121.0(4) Wl) 
121.6(4) C(l1) 
120.7(5) C(l7) 
91.5(3) Ru 
97.8(3) Ru 
97.X(4) Ru 

107.1(9) c(29) 
106.3(5) ~(29) 
109.1(7) C(35) 
112.4(6) C(35) 
111.3(6) C(7) 
110.4(7) C(6) 
177.9(9) C(7) 
175.3(19) C(8) 
174.5(7) C(6) 
177.2(12) 
172.8(l) 
113.7(6) 
120.8(6) 
113.q6) 

Atom 2 

P(1) 
Iv) 
P(1) 
P(2) 
P(2) 
P(2) 
P(2) 
P(2) 
P(2) 
P(2) 
C(6) 
C(7) 
C(8) 
C(9) 
WO) 

Atom 3 

C(l7) 
c(23) 
C(2) 

C(29) 
C(35) 
C(41) 
C(35) 
C(41) 
C(41) 
C(41) 
CUO) 
C(8) 
C(9) 
C(l0) 
C(9) 

Angle 

101.4(6) 
103.2(7) 
102.6(6) 
121.4(5) 
109.9(7) 
113.5(4) 
108.0(5) 

98.3(7) 
104.q6) 
104.0(6) 
108.8(8) 
105.2(9) 
110.3(9) 
107.2(7) 
108.5(9) 
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appear to be any unusual bond lengths or bond angles in the complex (See Table 1 
and 2). 

A likely route to the formation of the ($-C,H,)Ru[P(C,H,),],(CO)’ cation is 
the reaction of a solvated (v~-C,H~)RU[P(C~H~)~]~’ cation with CO: the (T$- 

C,H,)Ru[P(C,H,),l,+ species being formed by the abstraction of a chloride ion 
from ($-C,H,)Ru[P(C,H,),],Cl and the CO ultimately being derived from the 
Co(CO),- anion. It is not certain to what extent this reaction occurs. but it is clear 
that to the extent that it does take place there will be an accompanying amount of 
other products derived from the loss of CO from the Co(CO),- anion. Low yields 
and mixtures of products are therefore not unexpected, but the nature of the other 
products was not determined. 

Experimental 

Preparation of ($-C,H,)Ru[P(C, H,),] z(CO)Co(CO), . THF 
Solid (q5-C,H,)Ru[P(C,H,),],Cl [8] (2.0 g, 2.75 mmol) was added incrementally 

to a solution of 0.74 g, (2.78 mmol) NaCo(CO), in 75 ml dry THF under a nitrogen 
atmosphere. The mixture was stirred at room temperature for 40 h and then filtered. 
The filtrate was evaporated under vacuum to near dryness giving a maroon solid. 
This solid was collected on a filter and washed several times with pentane. This 
material was dissolved in a boiling l/l mixture of THF and hexane then stored at 
-20°C for 3 days. A small amount of bright orange crystals were obtamed upon 
filtration. Anal. Found: C, 62.31; H, 4.53; P, 7.05; Co, 6.53: Ru. 10.91. 
C,,H,,P,RuCoO, calcd.: C, 62.44; H, 4.51; P 6.44; Co, 6.12; Ru. 10.51%. 

Crystal structure determtnation 
The material crystallizes in the monoclinic crystal class. A least-squares fit of 25 

accurately measured 28 values gave the following unit cell constants: a 15.015(l) A, 
b 18.543(3) A, c 16.984(2) A, and p 110.75(l)“. The space group was uniquely 
determined to be P2,/n (standard: P2,/c, no. 14) by observation of the following 
systematic absences: OkO: k = 2n + 1, h01: h + I = 2n + 1. The density was calcu- 
lated to be 1.44 g/cm3 using mol.wt. 957.8, I/ = 4422 A3 and 2 = 4. 

One-quarter sphere of data with 28 I 50” was collected using MO-K, radiation 
and a variable speed o-28 scan technique. Of the 7403 unique intensities which 
were measured, 3643 fit the criteria [lF,12 2 2a(Fo2)] and were used in structure 

refinement. 
The structure was solved by conventional heavy-atom techniques. The Ru and Co 

positions were determined from a three-dimensional Patterson synthesis. Following 
refinement of the heavy atom positions. the other nonhydrogen atoms were located 
in subsequent difference Fourier maps. A difference map calculated after isotropic 
refinement of RuCoP,C,,O, revealed the presence of a solvent molecule of crystalli- 
zation. The 0 atom of the THF group is probably disordered throughout all five 
positions since it could not be identified on the basis of temperature factors or 
bonding geometry. Thus, all five atoms of THF were entered and refined as carbons. 
Most of the hydrogen atoms were located on difference Fourier maps; the remainder 
were entered at their theoretically calculated positions. The hydrogen atoms of the 
THF molecule were not included in the final model. Full-matrix least-squares 
refinement with anisotropic temperature factors for RuCoP,C,,O,, fixed isotropic 
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temperature factors for THF and hydrogen, and anomalous dispersion corrections 
for Ru and Co have converged to a current R = 0.072, R, = 0.073. Positional 
parameters and their estimated standard deviations are given in Table 3. 
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