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The reactions of [Pt3R~6(CO),l(p-H)3(p3-H)] (1) with PMe3 
and PPh3 have produced the salts [Pt(PR3)3H]- 
[Pt3R~6(CO)2,(p3-H)(p-H)2]r 5a and 5d, R = Me and Ph in the 
yields 9% and 22%, respectively. By contrast the reaction of 
1 with PPh, in the presence of Me3N0 has yielded the pho- 
sphane-substituted derivative [Pt3Ru6(CO)20(PPh3)(p-H)3(p3- 
H)] (6) in 22% yield. Compounds 5a and 6 were characteri- 
zed by single crystal X-ray diffraction analysis. Compounds 
5a and 5d are salts of the anion [Pt3Rue(CO),,(p3-H)(p-H),]-. 

The anion contains a layer segregated Ru3Pt,Ru, structure 
similar to that of 1 with two bridging hydride ligands on one 
Ru3 triangle and one semi-triply bridging hydride ligand on 
the other. The cation [Pt(PR,),H] ' was evidently formed by 
the abstraction of platinum from other molecules of 1. Com- 
pound 6 is a PPh3 derivative of the parent 1 that also contains 
the layer segregated stacking of Ru3 and Pt3 triangles. The 
PPh3 ligand is coordinated to one of the ruthenium atoms in 
an  axial position. 

Introduction 

Mixed metal cluster complexes are of interest because of 
their potential of cooperative reactivity and "synergism" in 
their transformations of small organic molecules and in ca- 
talysis[']. We have recently prepared a series of mixed metal 
cluster complexes that contain the first examples of layer 
segregated triangular stacks of platinum combined with m- 
t h e n i ~ m [ ~ , ~ ]  or osmium[''. The platinum-ruthenium com- 
plex Pt3Ru6(CO),,(p-Hj,(p3-H) (I)  has been shown to react 
with diphenylacetylene to yield the derivative 
Pt3Ru6(CO),,(p-PhC2Ph)(p-H)(p3-H) (2) in which the di- 
phenylacetylene ligand is found to be coordinated as a triple 
bridge to one of the triruthenium trianglesw. Interestingly, 
2 serves as an active catalyst for the hydrogenation of di- 
phenylacetylene to Z-stilbene compared to other cluster 
complexes. This has been attributed to synergistic effects 
involving the different types of metal atoms[5]. 
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In order to understand the site reactivity of this unusual 
class of mixed metal cluster complexes further, we have in- 
vestigated the reactions of 1 with selected phosphanes in 
the presence and absence of the CO activation agent 
Me3N0. These results are reported here. 

Results 

The reaction of 1 with the phosphanes PMe3 and PPh3 
at room temperature yielded the compounds 

Me and Ph in 9% and 22% yield, respectively after workup 
[pt(pR,),HI[Pt,Ru,(CO),,(p,-H)(p-H),I, 5a and 5 4  R = 

by TLC. Compounds 5a and 5d are salts of the anion 
1 2 [Pt3Ru6(CO),,(~t,-H)(p-H),]-[61. Two minor products 5b 

and 5c were also obtained from the reaction that yielded 
5a. The infrared spectrum of these compounds in the CO 
region was virtually the same as that of 5a indicating that 
they also salts of the anion [P13Ru6(CO)2i(p3-H)(p-H),1-, 

We have shown that 1 is deprotonated by base (OH-) and 
the resultant anions can be used to prepare a variety of the 
mixed metal cluster complexes: P~~Ru~[Au(PE~~)](CO)~~(~- 
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but due to the small amounts of material, the identity of 
the counter ion could not be established. 

Compound 5a was characterized crystallographically. An 
ORTEP diagram of the structure of the anion 
[Pt3Ru6(CO),,(p3-H)(p-H)J is shown in Figure I .  Selected 
bond distances are given in Table 1. The anion is structur- 
ally very similar to that of 1. It contains a Ru3Pt3Ru3 cluster 
stacked in triangular layers in staggered conformations. 
There are two hydride ligands bridging two edges of one of 
the Ru3 triangles and one semi-triply bridging hydride li- 
gand on the other Ru3 triangle. In 1 there are three edge 
bridging hydride ligands on one Rui triangle and one triply 
bridging hydride on the other"]. As expected, the Ru-Ru 
bond distances in 5a that contain the edge bridging hydride 
ligands are significantly longer than the one that does no!, 
Ru(1)-Ru(2) = 2.978(4) A and Ru(1)-Ru(3) = 3.052(4) A 
vs. Ru(2)-Ru(3) = 2.856(3) A. The hydride-bridged 
Ru-Ru distances in 1 have similar The other hy- 
dride ligand H(1) appears to be a semitriple bridge, 
Ru(4)-H(l) = 2.59 A vs. Ru(5)-H(1) = 2.00 A and 
Ru(6)-H(l) = 1.59 A. Curiously, it seems to be most 
strongly associated with the shorJest of the three Ru-Ru 
bonds, Ru(5)-Ru(6) = 2.947(4) A. Despite this result, the 
splaying out of the two carbonyl ligands C(Sl)-O(Sl) and 
C(62)-0(62), as indicated by the large bond angles Ru(6) 
-Ru(S)-C(51) = 125.0(8)" and Ru(5)-Ru(6)-C(62) = 
114(1)' also indicates that the hydride ligand does bridge 
the Ru(5)-Ru(6) bond as shown in Figure 1 .  As in 1 and 
3, the Pt3 triangle does not lie midway between the two Ru3 
triangles, but lies closest to the Ku3 triangle containing the 
semitriply bridging hydride ligand [Pt3-Ru3(456) = 2.20 A 
vs. Pti-Ru3(123) = 2.33 A]. Each ruthenium atom contains 
three carbonyl ligands and each platinum atom has one. 
All are terminal CO ligands except C(61)-O(61) which is 

Figure 1. An ORTEP diagram of the anion [PtlRu6(CO),,(p-H),- 
(p3-H)] (5a) showing 40Y0 probability thermal ellipsoids 
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a strong semi-bridge from Ru(6) to Pt(2), Ru(6)-C(61) = 
1.93(4) A, Pt(2)-C(61) = 2.44(3) A and Ru(6)-- 
C(61)-O(61) = 152(3)". 

Table 1 .  Intramolecular distances of 5a (distances in A, estimated 
standard deviations in the least significant figure are given in paren- 

theses) 

Atom Atom Distance Atom Atom Distance 

Pt(1) Pt(2) 2.633(1) Ru(2) C(22) 1.88(3) 
Pt(1) Pt(3) 2.668(2) Ru(2) C(23) 1.87(4) 
Pt(1) Ru(1) 2.895(3) Ru(2) II(2) 2.12 
Pt(1) Ru(3) 2.822(3) Ru(3) C(31) 1.89(3) 
Pt(1) Ru(5) 2.699(2) Ru(3) C(32) 2.02(4) 
Pt(1) Ru(6) 2.759(2) Ru(3) C(33) 1.86(3) 
Pt(1) C(10) 1.90(3) Ru(3) H(3) 1.71 
Pt(2) Pt(3) 2.697(2) Ru(4) Ru(5) 3.070(3) 
Pt(2) Ru(1) 2.806(2) Ru(4) Ru(6) 2.995(4) 
Pt(2) Ru(2) 2.826(3) Ru(4) C(41) 1.94(3) 
Pt(2) Ru(4) 2.740(3) Ru(4) C(42) 1.87(3) 
Pt(2) Ru(6) 2.834(3) Ru(4) C(43) 1.90(3) 
Pt(2) C(20) 1.87(3) Ru(4) H(l) 2.59 
Pt(2) C(61) 2.44(3) Ru(5) Ru(6) 2.947(4) 
Pt(3) Ru(2) 2.898(3) Ru(5) C(S1) 1.91(3) 
Pt(3) Ru(3) 2.839(2) Ru(5) C(52) 1.94(3) 
Pt(3) Ru(4) 2.724(2) Ru(5) C(53) 1.84(3) 
Pt(3) Ru(5) 2.722(3) Ru(5) H(l) 2.00 
Pt(3) C(30) 1.84(4) Ru(6) C(61) 1.93(3) 
Pt(4) P(1) 2.30(1) Ru(6) C(62) 1.90(3) 
Pt(4) P(2) 2.315(9) Ru(6) C(63) 1.93(4) 
Pt(4) P(3) 2.29(1) Ru(6) H(l) 1.56 
Pt(4) H(4) 1.9(2) P(1) C(101) 1.75(4) 
Ru(1) Ru(2) 2.978(4) P(l) C(102) 1.78(4) 
Ru(1) Ru(3) 3.052(4) P(1) C(103) 1.81(4) 
Ru(1) C(11) 1.91(4) P(2) C(201) 1.76(4) 

Ru(1) C(13) 1.90(3) P(2) C(203) 1.80(4) 
Ru(1) H(2) 1.57 P(3) C(301) 1.82(4) 
Ru(1) H(3) 1.90 P(3) C(302) 1.81(4) 
Ru(2) Ru(3) 2.856(3) P(3) C(303) 1.80(3) 
Ru(2) C(21) 1.92(4) 0 C(av) 1.14(3) 

Ru(1) C(12) !.93(3) P(2) C(202) 1.75(3) 

The hydride ligands on the cluster exhibit a single reso- 
nance at 6 = - 16.94 at 25 "C which is indicative of an aver- 
aging process which was also observed in 1. Upon cooling 
to -9O"C, this resonance reforms as two resonances in a 
2: 1 ratio, 6 = - 16.05 (2H) and - 19.50 (1 H). An ORTEP 
diagram of the structure of the [Pt(PMe&I-I]+ cation is 
shown in Figure 2. It is structurally and spectroscopically 
indistinguishable from its forniula equivalent as previously 
characterized in the form of the salt [Pt(PMe3),H][BPh,]18]. 
It possesses a distorted square planar structure. The posi- 
tion of the hydride ligand was located and refined, 6 = 

19.2 Hz, lJpt.rI = 856.6 Hz). 
When PMe, was added to a solution of 1 in an NMR 

tube in CDC13 solvent, the resonances of the cluster anion 
formed promptly. However, the resonances of the antici- 
pated cation [Pt(PMe,),H]+ could not be confirmed. 

Compound 5d is spectroscopically similar to 5a except 
for the known differences in the 'H-NMR pattern of the 
[Pt(PPh&H]+ Compound 5d is therefore believed 
to be a simple PPh, homolog of 5a. 

When 1 was allowed to react with PPh, in the presence 
of one equivalent of the CO activation agent Me3N0, the 

-5.78 (dt, l H ,  Pt-H, 2Jp.H(/mnJ) 168.2 Hz, 2Jp1p.H(cls) 
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Figure 2. An ORTEP diagram of the cation [Pt(PM&H] ' of 5a 

showing 40%0 probability thermal ellipsoids 
h 
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phosphane substituted derivative [Pt3Ru6(C0)20(PPh3)(p- 
H),(yi-H)] (6) was obtained in 22% yield. Compound 6 was 
characteri~ed by single crystal X-ray diffraction analysis. 
An ORTEP diagram of the molecular structure of 6 is 
shown in Figure 3. Selected bond distances are given in 
Table 2. Compound 6 is a PPh, derivative of the parent 1 
that contains a similar stacking of Ru3 and Pti triangular 
metal groups. The PPh3 ligand is coordinated to one of the 
ruthenium atoms Ru(5), Ru(5)-P = 2.356(4) A in an "ax- 
ial" position, that it is directed away from the Pt3 layer of 
the cluster. The four hydride ligands were located and re- 
fined in the analysis. As in 1 there are three edge bridging 
hydride ligands on one Ru3 triangle, Ru(4)-Ru(5)-Ru(6), 
and one triply bridging hydride on the other, Ru(1)- 
Ru(2)-Ru(3}. All of the Ru-Ru bond distances are greater 
than 3.00 A due to the bond lengthing effect produced by 
the hydride ligands. As in 1 and 5a the Pt; triangle lies 
closest to the Ru3 triangle that contains the triply b:idging 
hydride ligand. The Pt, to Ru3(123) distance is 2.15 A while 
the Pt3-to-Rui(456) distance is 2.36 A. The hydride ligands 
in 6 are also dynamically acthe on the NMR Limescale. At 
room temperature no signal is observed for the the hydride 
ligands in 6 in its 'H-NMR spectrum, however at -9O"C, 
three resonances are observed, 6 = - 17.04 (d, 2H, 2Jp-H = 

8.3  Hz), -18.37 (s, 1H) and -23.37 (s, 1H) which is con- 
sistent with that of the solid state structure. 

Discussion 

The reactions investigated in this study are summarized 
in Scheme 1. The reaction of 1 with tertiary phosphanes in 
solution leads to the formation of the monoanion 
[Pt7R~6(CO)21(~3-H)(p-H)2]p by a deprotonation step. we 
have shown previously that 1 can be deprotonated by Lewis 
bases to yield the monoanion [Pt3Ru6(C0)21 (p3-H)(p- 
H)2]-[6]. The nature of the cation formed in the reaction 

Figure 3. An ORTEP diagram of [Pt3Rue(C0)20(PPh3)(p-H)3(p3- 
H)] (6) showing 40% probability thermal ellipsoids 

Table 2. Intrainolecular distances of 6 (distances in A, estimated 
standard deviations in the least significant figure are given in 

parenthescs) 

Atom Atom Distance Atom Atom Distance 

Pt(1) Pt(2) 2.6401(8) Ru(1) H(4j 1.9(1) 
Pt(1) Pt(3) 2.6269(8) Ru(2) Ru(3) 3.030(2) 
Pt(1) Ru(1) 2.697(1) Ru(2) H(4) 2.1(1) 
Pt(1) Ru(3) 2.723(1) Ru(3) H(4) 2.0(1) 
Pt(1) Ru(5) 2.884(1) Ru(4) Ru(5) 3.021(2) 
Pt(1) Ru(6) 2.873(1) Ru(4) Ru(6) 3.027(2) 
Pt(2) Pt(3) 2.6227(9) Ru(4) H(l) 2.1(1) 
Pt(2) Ru(1) 2.718(1) Ru(4) H(2) 1.9(1) 
Pt(2) Ru(2) 2.734(1 j Ru(5) Ru(6) 3.030(2) 
Pt(2) Ru(4) 2.878(1) Ru(5) P 2.356(4) 
Pt(2) Ru(5) 2.882(1) Ru(5) H(1) 1.7(1) 
Pt(3) Ru(2) 2.700(1) Ru(5) H(3) 1.6(1) 
Pt(3) Ru(3) 2.711(1) Ru(6) H(2j 1.8(1) 
Pt(3j Ru(4) 2.893(1) Ru(6j H(3) 1.7(1) 
Pt(3) Ru(6) 2.888(1) Pt C(av) 1.87(2) 
Ru(1) Ru(2) 3.065(2) Ru C(av) 1.89(2) 
Ru(1) Ru(3) 3.040(2) 0 C(av) 1.14(2) 

with PMe, could not be confirmed by 'H-NMR spectra of 
the solutions. In particular, the resonances of the antici- 
pated cations, [Me3PH]+ and [Pt(PMe3)?H]+, were not evi- 
dent in these solutions. However, after separation by TLC 
in air the salt 5a containing the cation [Pt(PMe3)3H]+ was 
clearly present. Accordingly, it is suspected that 
[Pt(PLMe3)3H]+ cation was formed by degradation of a por- 
tion of the complex in the workup procedure. 

When solutions of 1 were treated with a combination of 
PPh, and the CO activation agent Me3NO[10], then the 
phosphane substituted derivative of 1, 6 was obtained. In 
this case the Me;NO almost certainly has promoted a CO 
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elimination process that facilitates the entry of the phos- 
phane ligand into the coordination sphere of the cluster. 
The Me3N0 reaction may occur preferentially at the car- 
bony1 groups on the ruthenium atom where the phosphane 
ligand was found in 6 for steric reasons. M e 3 N 0  is known 
t o  attack directly a t  the CO carbon atom["]. The carbon 
atoms of the platinum bound carbonyl groups seem to be 
much less accessible than those on the ruthenium atoms. 

Scheme 1 

1 

5a, 5d 

\ Me3N0 
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Experimental Section 
All reactions were performed under a nitrogen atmosphere unless 

specified otherwise. Complex 1 was prepared by our previously re- 
ported procedurer2l. Dichloromethane yas dried and distilled from 
P20,. NMR solvents were dried over 5 A molecular sieves. - NMR 
spectra were run on a Bruker AM-500 spectrometer operating at 
500 MHz. - Elemental Analyses were performed by Oneida Re- 
search Services Inc., Whitesboro, N Y  and Desert Analytics, Tuc- 
son, AZ. - Chromatographic segarations were performed in air on 
Analtech 0.25 mm silica gel 60 A FZj4 plates. 

Preparation of' [ Pt(PM.~).iH][Pt.~Ru,(CO)~, (ps-H) (p-H)?] 
(Sa) and lPt(PPh,l,H][Pt,Ru,jCO),, (p3-H) (,u-H)2J (Sd): A 
40.0-mg amount of 1 (0.0224 mmol) was dissolved in 60 ml of 
CH2C12. A 67.2 pl amount of a 1.0 M toluene solution of PMe3 
(0.0672 mmol) was added to the reaction solution via syringe. The 
solution was stirred at room temperature for 16 h. The solvent was 
removed in vacuo and the residue separated by TLC using a hex- 
ane/CH2CI2 (I  :?) mixture. Several small bands eluted first. These 
could not be characterized due to the small amounts. These bands 
were followed by three larger red-brown bands which yielded in 
order of elution: 4.5 mg of [Pt(PMe,)3H][Pt3RuS(C0)21(p~-H)(p- 
H)2], 5a (9%). 3.6 mg of 5b and 1.8 mg of 5c. - Spectral data for 
5a: IR (vC0, in cm-', in CH2CI2): 2046 (s, sh), 2033 (vs), 2017 (s, 
sh). - 'H NMR (6 in CD,CI,): 1.72 (t, 18H, PCH3, ZJp-H = 3.7 
Hz, 3 J p t . ~  = 35.1 Hz), 1.60 (dd, 9H, PCW3, 4JH.H = 1.3 Hz, 
lJp.H = 8.7 Hz, 3Jpt.H = 20.5 Hz), -5.78 (dt, 1 H, Pt-H, 2Jp. 
~ ( g ~ ~ ~ ~ )  = 168.2 Hz, 2 J p . ~ ( c j s )  = 19.2 Hz, 'Jpr.H = 856.6 Hz), - 16.94 

(s, br., 3H). - ' H  NMR (6 in CD2Cl2 at -90°C): 1.64 (s, br., 18H, 
PCH?, 3 J p t . ~  = 34.8 HZ), 1.53 (d, br., 9H, PCHS, zJp.H = 8.9 Hz), 
-5.59 (dt, 1 H, Pt-H, 2Jp.~~(~ralz,r) = 167.0 Hz, ' J p . H l C j , )  18.7 Hz, 
' J p t . ~  858.4 Hz), -16.05 (s, 2H), -19.50 (s, IH). - 
C30H30O21P$t4Ruh: calcd. (found) C 16.32 (15.34), H 1.42 (1.35). 
- The IR spectra of 5b and 5c in the CO region is the same as 
that of 5a. We were unable to characterize Sb and 5c further. - 
The compound [Pt(PPh3)3H][Pt3Ru6(CO)21(p3-H)(p-H)2], 5d was 
prepared in a similar fashion in a 22% yield. - Spectral data for 
5d: IR (vC0, in cm-', in CH2CI2): 2045 (s, sh), 2033 (vs), 2016 (s, 
sh). - 'H NMR at 25°C (6 in CD2C12): 7.58-7.01 (m, 45H, Ph), 

'Jpt-~3 = 772 Hz), -16.93 (s, br., 3H). 

Preparalion (1s P ~ , R U ~ ~ C O ) ~ ~ ( P P ~ ~ )  /p3-H) (p-H),  (6): A 20.0- 
mg amount of 1 (0.0112 mmol) and 4.4 mg of PPh3 (0.0168 mmol) 
were dissolved in 50 ml of C€I2Cl2. A 1.0-mg amount of Me3N0 
(0.0134 mmol) dissolved in I ml CHIClz was added to the above 
solution quickly through a dropping funnel. The resulting solution 
was stirred at room temperature for 10 min. The solvent was re- 
moved in vacuo and the residue separated by TLC using a hexand 
CIlzC12 (2:l) mixture. This yielded 5.0 mg of purple-red Pt3Ru6- 
(C0)20PPh3(p3-H)(p-H)3, 6 (22%). - IR (vC0, in cm in hex- 
ane): 2093 (w), 2056 (vs), 2049 (s, sh), 2023 (w). - 'H NMR (6 in 
CD2CIZ at -90°C): 7.52-7.41 (m, 15H, Ph), -17.04 (d, 

C38H19020P3Pt3Ru6: calcd. (found) C 22.62 (22.32), H 0.95 (0.94). 

Crystullogruphic Anulyses: Crystals of 5a were grown from a 
solution in a 1 : I  CH,Cl,/benzene solvent mixture by slow evapo- 
ration of the solvent at 25 "C. Crystals of 6 suitable for X-ray dif- 
fraction analysis were grown from a solution in a dichloromethane/ 
hexane (1 : 1) solvent mixture by slow evaporation of the solvent at 
25°C. The crystals (size: 5a: 0.5 X 0.5 X 0.02 mm; 6:  0.45 X 0.15 
X 0.04 mm) used in intensity measurements were mounted in thin- 
walled glass capillaries. Diffraction measurements were made on a 
Rigaku AFC6S automatic diffractometer by using graphite- 
monochromated Mo-K, radiation. The unit cells were determined 

-5.75 (ddd, I H, Pt-H, 'Jp.H(rrrms) = 159.8 Hz, 2Jp.H(cjv) = 12.9 Hz, 

2H,?Jp.H = 8.3 Hz), -18.37 (s, IH),  -23.37 (s, 1H). -~ 

Table 3. Crystal data for compounds 5a and 6 

Compound 5s 6 

Formula P Q R U ~ P ~ O ~ ~ C ~ O H ~ I  Pt3RugP020C38H19 
Formula weight 2207 26 2018.22 
Crystal system monoclinic monoclinic 
Lattice parameters 
* "41 15.907(2) 10.1 81(1 j 

17.632(4) 1 5.197(2) 
19.051(5) 3 1.240(3 j 

b [A1 
c [A1 
P ["I 10 I .56(2) 9 1.29(1 j 

5235(2) 4834(2) 
P21/n(#14) P2i/c(#14) 

v [A31 
Space group 
2 value 4 4 
Pcalc Wm31 2.80 2.77 
p (Mo-Ka) [cm-'1 124.4 106.3 

2@max I"] 42 42 
No. Obs. [1>30(1)] 3897 3863 
Goodness of fit (GOF)["' 2.85 1.40 
Residual?': R; Rw 0.056; 0.055 0.030; 0.030 
Largest peak in final diff. map 2.2 1.16 
abs. con., Madmin 

T I"c1 20 20 

empirical, 1.00/0.057 empirical, 1.00/0.88 
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from 25 randomly selected reflections obtained by using the AFC6 
automatic search, center, index, and least-squares routines. Crystal 
data, data collection parameters, and results of the analyses are 
listed in Table 3. All data processing was performed on a Digital 
Equipment Corp. VAX station 3520 computer by using the 
TEXSAN structure solving program library obtained from the 
Molecular Structure Corp., The Woodlands, TX. Lorentz-polariz- 
ation (Lp) and absorption corrections were applied to thc data in 
each analysis. Neutral atom scattering factors were calculated by 
the standard Anomalous dispersion corrections 
were applied to all non-hydrogen atoms[ILbl. Both structures were 
solved by a combination of direct methods (MITHRIL) and differ- 
ence Fourier syntheses. Full matrix least-squares refinements inini- 
mized the function: ~ ~ ~ ~ , i , ~ , ( l ~ ~ l - l ~ ~ l ) 2 ,  where w = l/o(n2, o(E) = 

o(F3/2F0 and o(F2) = [o(IrdW)' + (0.02 Zn,,)2]1'2/Lp. 

Compound 5a crystallized in the monoclinic crystal system. The 
space group P21/n was established on the basis of the patterns of 
systematic absences observed in the data. All nonhydrogen atoms 
were refined with anisotropic thermal parameters. The three hy- 
dride ligands on the Pt3Ru6 cluster anion were located and partially 
refined and then fixed in the final cycles of refinement. The hydride 
ligand H(4) on the [Pt(PMe3)?H]+ cation was located and refined 
to convergence on its positional parameters using a fixed isotropic 
thermal parameter. The hydrogen atoms on the PMe, ligands on 
the cation werc calculated by assuming idealized geometry, C-H 
0.95 A. Their scattering contributions were added to the structure 
factor calculations. but their positions were not refined. 

Compound 6 crystallized in the monoclinic crystal system. The 
space group P21/c was established on the basis of the patterns of 
systematic absences observed in the data. The metal and phos- 
phorus atoms and carbon and oxygen atoms of the CO ligands 
were refined with anisotropic thermal parameters. Each of the 

phenyl rings of the PPh3 ligand exhibited a two-fold rotational dis- 
order, thus these atoms were refined with isotropic thermal param- 
eters only. The positions of the four hydride ligands were obtained 
in difference Fourier syntheses, and they were refined on their 
positional parameters with fixcd thcrmal parameters, B = 4.0. Due 
to the disorder, the hydrogen atoms on the phenyl rings were 
omitted. 

Further details of the crystal structure investigations are avail- 
able from the Fachinformationszentrum Karlsruhe, D-76344 Eg- 
genstein-Leopoldshafen (Germany). on quoting the depository 
number CSD-59391. 
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