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Abstract 

The coordinatively unsaturated cluster [Pt3(/z3-CO)(/z-dppm)3] 2÷ (1, dppm = Ph2PCH2PPh 2) reacts with Na+[M(CO)5] to 
give the mixed metal clusters [Pt3{M(CO)3}(/~-dppm)3] ÷ (M = Re, 2; Mn, 3). The new clusters are characterized by spectroscopic 
methods and, for M = Re, by an X-ray structure determination. The Pt3Re core in 2 is tetrahedral with particularly short 
metal-metal distances. 
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1. Introduction 

Heteronuclear cluster compounds of the transition 
metals are of continuing interest in part because of 
their relationship with bimetallic alloy catalysts [1,2]. 
Of particular interest are P t - R e  cluster complexes 
because of the importance of bimetallic P t / R e / A 1 2 0 3  
catalysts in reforming of petroleum [3]. However, there 
are still relatively few P t - R e  clusters compared, for 
example, with mixed-metal platinum clusters contain- 
ing ruthenium and osmium [le,4]. More work in this 
area is clearly justified. 

It has been shown that the coordinatively unsatu- 
rated cluster [Pt3(tz3-CO)(/.t-dppm)3] 2+ (1, d p p m =  
PhePCHzPPh 2) can mimic many properties of a plat- 
inum surface [5], so it was considered that related 
coordinatively unsaturated P t - R e  cluster compounds 
might provide some insight into the structure and reac- 
tivity of the Pt-Re surface. This work reports the 
synthesis of the clusters [Pt3{M(CO)3}(~-dppm)3] ÷ (M 
= Re, 2; Mn, 3) and the structure of the Pt3Re com- 
plex. A preliminary account of part of this work has 
been published [6]. 

* Corresponding author. 

0022-328X/95/$09.50 © 1995 Elsevier Science S.A. All rights reserved 
SSDI 0 0 2 2 - 3 2 8 X ( 9 5 ) 0 5 1 8 0 - 1  

2. Results and discussion 

Compounds 2 and 3 were obtained in good yields by 
reacting the parent cluster 1 with [M(CO)5]- (M = Re 
and Mn) according to Eq. (1). Both complexes 2 and 3 
were dark red in colour and are decomposed slowly by 
air. 

o °co 
o \ l /  
C 2+ M + 

p ~  ~__!~PtL_.p [ D- p__ ~ , , ~ p t . . . ~ p  I (1) 
~___ p~ Pt ~. p_...J - 3C0 ~-~P~" "'~P---/ 

The spectroscopic parameters of 2 and 3 are similar, 
and will be discussed together. In the 31p NMR spec- 
tra, both compounds displayed a singlet with complex 
satellites resulting from coupling to 195pt that are typi- 
cal of Pt3Qz-dppm) 3 complexes with C 3 symmetry [7]. 
In particular, the observation of long-range coupling 
2j(PtP) and 3j(pp) for these species is indicative of the 
presence of metal-metal  bonded, P - P t - P t - P  units, 
with the range of P t - P t - P  bond angles of 147-159 °, 
through which effective transmission of coupling infor- 
mation through the metal-metal  bond occurs [8]. The 
IR spectrum of each compound contained three CO- 
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Fig. 1. A top view of the structure of the cluster cation 2. Phenyl 
carbon atoms are shown as spheres of arbitrary radius. 

stretching bands, ranging from 1981-1825 cm -1. In 
addition, the products of reaction of [Pt3(/z3-CO)(/z- 
dppm)3] 2+ and of the 13CO-substituted cluster [Pt3(/x 3- 
13CO)(/z-dppm)3] 2+ with [Re(CO)s]-  gave identical IR 
spectra, indicating that the bridging carbonyl ligand in 
1 had been replaced during the reaction. Together  
these observations indicate that compounds 2 and 3 
have a similar tetrahedral structure, with the triangular 
platinum face being capped by rhenium and man- 
ganese carbonyl fragments. 

The structure of 2 as the [BPh 4] salt has been 
confirmed by X-ray diffraction. A view of the cluster 
cation is shown in Fig. 1. The complex adopts a tetra- 
hedral geometry, consisting of a triangular arrange- 
ment of platinum atoms, with one face of the Pt 3 
triangle capped by a Re(CO) 3 group. A related com- 
pound is [Pt 3{/~ 3 "SnMe 2( PO 2 F2)}(/z-dppm) 3 ] +, in which 
the capping CO ligand in 1 is replaced by a /z 3- 
SnMe2(PO2F2) group [7]. As with other related com- 
plexes [5], each edge of the Pt 3 triangle is bridged by a 
/x-dppm group, and the P t - P  distances are normal. 
The stereochemistry of the rhenium centre may be 
considered to be pseudo-octahedral with Re(CO)3Pt 3 
coordination. However, as shown in Fig. 1, the geome- 
try is distorted towards trigonal prismatic because the 
Re(CO) 3 unit is twisted so that the carbonyl ligands are 
directed towards P(1), P(3) and P(5) and away from 
P(2), P(4) and P(6). The distortion probably arises as a 
result of steric effects. The Re(CO) 3 group is relatively 
bulky and occupies a cavity defined by the phenyl 
substituents of the dppm ligands. Each Pt2P2C unit 
adopts an envelope conformation with the CH 2 group 
of the dppm ligand at the "f lap" position. All CH 2 
groups are directed towards the Re(CO) 3 side of the 

Pt3(dppm) 3 unit. In this conformation, all phenyl sub- 
stituents on the Re(CO) 3 side are equatorial and all 
phenyl groups on the other side are axial. This leads to 
a much larger cavity on the Re(CO) 3 side. In addition, 
the phosphorus atoms P(1), P(3) and P(5) are displaced 
out of the Pt 3 plane away from the rhenium fragment 
by 0.455(3)-0.476(3) ,~ while P(2), P(4) and P(6) lie 
approximately in this plane. As a result, the cavities are 
asymmetric and the Re(CO) 3 twist leads to lower steric 
hindrance. This effect is easily understood by viewing 
the space-filling diagrams shown in Fig. 2. 

The incorporation of the Re(CO) 3 group causes a 
significant decrease in the P t -P t  bonding distances 
compared to the precursor 1. While the P t -P t  dis- 
tances in 1 range from 2.613(1)-2.650(1) .~, which 
correspond to normal single P t -P t  bonds [5], those in 2 
[2.5930(9)-2.6114(7) ,~] are the shortest among 1 and 
its derivatives. Like the P t -P t  sepoarations, the P t - R e  
distances in 2 [2.649(1)-2.685(1) A] also appear to be 
the shortest known. In previously reported P t - R e  com- 
pounds, the P t - R e  distances have been found in the 

o 

range 2.71-2.91 A, with almost half having values from 
2.83-2.87 ,~ [4]. Typical examples may be found in 
compounds such as [PtRe2(CO)12] which has a P t - R e  
bond length of 2.8309(5) A [9], and [PtRe4(CO)17] 2- 
where the average P t - R e  distance is 2.750 A [4b]. 
Therefore  both the P t -P t  and the P t - R e  bonds in 2 
are presumably strong. It is interesting to note that the 
P t -Sn  distances in the 42-electron cluster [Pt3(/z 3- 
SnMez(PO2F2)}(~-dppm)3] + are shorter than those 
found in related compounds containing trans capping 
ligands, such as the 44-electron complex [Pt3(p. 3- 
CO)(/z3-SnF3)(/z-dppm)3] + [7]. It has been suggested 
that in such compounds the trans influence of ligands 
across the Pt 3 triangle leads to a mutual bond weaken- 
ing [7,10]. Since neither [Pt3{/z3-SnMe2(POzF2)}(/z- 
dppm)3] + nor 2 has a capping ligand trans to tin or 
rhenium respectively, the P t -Sn  or P t - R e  bonds are 
expected to be strong. Complex 2 is the first example in 
which a rhenium fragment caps a triangular platinum 
face. Such a structure may well exist in the P t - R e  
ensembles at heterogeneous P t - R e  catalyst surfaces [3] 
and, if so, a strong binding interaction may be pre- 
dicted. 

The cluster cation 2 has a valence electron count of 
only 54, whereas most tetrahedral clusters, in which 
each metal center has the 18-electron count, have a 
total of 60 valence electrons [11]. Hence the cluster is 
coordinatively unsaturated. If it is assumed that each 
platinum center has a 16-electron count while the 
rhenium center has an 18-electron count, the meta l -  
metal bonding is most easily rationalized in terms of 
the following model. It is already known that the three 
filled M - M  bonding orbitals of a planar Pt3(/z-dppm) 3 
fragment have a' 1 + e' symmetry, and that a pyramidal 
Re(CO)~ fragment has three vacant acceptor orbitals 
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which have a I + e symmetry [12]. Clearly then, three 
donor-acceptor metal-metal bonds are possible in 
which the M-M bonding orbitals of the Pt3(/~-dppm) 3 
fragment are the donors and the Re(CO)~- fragment 
orbitals are the acceptors as depicted in 4. In this way, 

~ pt ~ 

(c) 

O3 

C 

Fig. 2. Space-filling diagrams showing the different cavity sizes on 
either side of the Pt 3 triangle: (a) the bottom face with axial phenyl 
groups leaving a very small cavity; (b) the top face with equatorial 
phenyl groups leaving a large but unsymmetrical cavity; (c) the 
position of the Re(CO) 3 unit within this cavity. 

e " ~  

Pt3(I.t-PP)3 [Pt3{Re(CO)3} ( tt-PP)3l + [Re(CO)3] + 

Fig. 3. Energy correlation diagram for interaction of the Pt3(/x- 
dppm) 3 and Re(CO)~- fragments. The top three occupied MO's are 
the a 1 + e metal-metal bonding MOs. 

each Pt atom naturally shares 16 valence electrons, and 
the Re atom shares 18 valence electrons. In the MO 
treatment, the fragment orbitals combine to form 
bonding and antibonding MOs each with a I + e sym- 
metry, and there are six cluster electrons which just fill 
the bonding MO's as shown in Fig. 3 [12]. Strong 
Pt-Re bonding is expected, consistent with the obser- 
vation of short Pt-Re bonds. However, this type of 
three-centre two-electron bonding is not usually very 
strong, and it is not clear why the metal-metal bonds 
are among the shortest known. 

o °cO 
\ l /  
M 

l i l t  

\ p . . ~ P t ~ p _ . _ J  

+ 

4 

Both complexes 2 and 3 decompose slowly in the air. 
The Pt3Re cluster reacted, even in the solid state, with 
dioxygen to give the dioxo cluster, [Pt3{Re(CO)3}(/x 3- 
O)2(/x-dppm)3] ÷ but the products of reaction of 3 with 
0 2 have not been characterized [6]. The M(CO) 3 unit 
is displaced more easily from 3 than from 2, probably 
because of the Pt-Mn bond being weaker than the 
Pt-Re bond. For example, in refluxing CH2C12 solu- 
tion the Pt3Mn cluster 3 was fragmented and con- 
verted to the known compound [13,14], [Pt3(P.3-flX/z 3- 
CO)(/z-dppm)3] +, whereas 2 was stable under these 
conditions. Both 2 and 3 decomposed in solution in 
CH2CI 2 in the presence of CO to give [Pt3(/z3-C1X/z 3- 



4 J. Xiao et aL/Journal of Organometallic Chemistry 490 (1995) 1-6 

CO)(/z-dppm)3] +, but the reaction was much faster in 
the case of 3. 

There is an isolobal analogy between the fragment 
[Pt3(/x-dppm) 3] and [C5H5]- such that the cation 2 
may be considered isolobal to neutral [(CsHs)Re- 
(CO)3]. Similarly, the anionic [(CsHs)M(CO)3]- should 
be isolobal to neutral [Pt3{M(CO)3}(/x-dppm)3] with 
M = Cr, Mo or W, and [(CsHs)M(CO)2]- should be 
isolobal to [Pt3{M(CO)2}(/x-dppm)3] with M = Fe, Ru 
or Os. In view of the evidence for strong M-M bond- 
ing in 2, attempts have been made to prepare these 
complexes, but so far without success. The only promis- 
ing reaction was that of 1 with [HM(CO)4]- or 
[M(CO)4] 2- when M = Fe [15]. This gave a single com- 
plex, but it had low thermal stability and could only be 
characterized by spectroscopic methods. In CH2C12 
solution, it was quantitatively converted to [Pt3(/x 3- 
C1)(/x3-CO)(N-dppm)3] + by reaction with the solvent in 
a period of hours at room temperature by displacement 
of the carbonyliron fragment [13]. The reaction was 
much faster than the analogous reaction of 3 described 
above. 

3. Experimental details 

Reactions were carried out under an atmosphere of 
dinitrogen using standard Schlenk techniques. The 
compounds [Pt3(/x3-CO)(/x-dppm)3][PF6] 2 [16] NaRe- 
(CO) 5 [17] and LiMn(CO) 5 [18] were prepared by the 
literature procedures. IR spectra were recorded with a 
Perkin-Elmer 2000 FTIR spectrometer, and the NMR 
spectra were recorded by using a Varian Gemini-300 
with chemical shifts being referenced to TMS (1H) and 
85% H3PO 4 (31p{1H}). Elemental analyses were per- 
formed by Galbraith Laboratories, Inc. 

3.1. [Pt3{Re(CO)3}(Ix-dppm)31[PF6].CH2Cl 2 (21PF61) 

To a suspension of 1 (411 mg, 0.20 mmol) in THF 
(35 ml) was added NaRe(CO) 5 (0.24 mmol) in THF 
(8.5 ml), resulting in an immediate colour change to 
dark brown. After stirring overnight, the solution was 
concentrated to about 3 ml and then diethyl ether (20 
ml) was layered on the top of the solution. Compound 
2[PF 6] was precipitated as black-red crystalline solid. 
Solvent was then removed, the solid was washed with 
distilled water and finally dried in vacuum. Yield: 85%. 
Anal. Calc. for C79H68CI2F603P7Pt3Re: C, 42.38; H, 
3.07. Found: C, 42.63; H, 3.15%. IR (Nujol): 
u(CO)/cm -1=  1981s, 1882sh, 1871s. NMR (CDzC12): 
6(all) = 4.19 [m, CH2]; /j(31p) = 7.9 [s, 1j(PtP) = 2411 

2 3 Hz, J(PtP) = 248 Hz, J(PP) = 198 Hz]. 
Once formed, compound 2[PF 6] can be handled in 

the air for a short time only because a reaction occurs, 
even in the solid state, over a period of days. Com- 

pound 2[PF 6] can be recrystallized from CH2Clz/di- 
ethyl ether or CH2C12/hexane , but the crystals were 
not of X-ray quality. 

3.2. [Pt3{Re(CO)3}(ix-dppm)3l[BPh4l.CH2Cl 2 (2- 
[BPh4]) 

To a solution of 2[PF 6] (44 mg) in MeOH (10 ml) 
was slowly added NaBPh 4 (102 mg, 15-fold excess) in 
MeOH (5 ml), immediately resulting in the precipita- 
tion of a crystalline solid. After stirring for 30 min, 
solvent was removed and the product was washed with 
MeOH. Yield: 90%. Compound 2[BPh 4] was recrystal- 
lized as black plates from CHzClz/diethyl ether. Anal. 
Calc. for C103H88BC1203P6Pt3Re: C, 51.27; H, 3.68. 
Found: C, 51.31; H, 3.55%. IR (Nujol): v(CO)/cm -L = 
1979s, 1873sh, 1867s. NMR (CDzCI2): 6(IH)=4.18 
[m, CH2]; ~(31p)= 8.0 [s, dppm] with the same cou- 
pling constants as found for 2[PF6]. 

3.3. [Pt3{Mn(CO)3}(tx-dppm)31[PF61.CH2Cl 2 (3IPF6]) 

The compound was prepared in a manner similar to 
that for 2[PF6], except that LiMn(CO) 5 was used. 
Compound 3[PF 6] was isolated in 70% yield, and was 
recrystallized from CH2Cl2/diethyl ether. Anal. Calc. 
for C79H6sC12F6MnO3P7Pt3: C, 45.02; H, 3.26. Found: 
C, 44.80; H, 3.43%. IR (Nujol): u(CO)/cm-1 = 1975s, 
1903 m, 1825 m. NMR (CD2C12): g(1H)=4.49[m, 
CH2]; ~(31p)= -5.4 [s, 1J(PtP)= 3030 Hz, 2j(PtP)= 
170 Hz, 3j(pp)= 160 Hz]. 

3.4. Complex 1 with K[FeH(CO) 4] or Na2ge(CO) 4 

These reactions were carried out in a similar way to 
that described above, but the product, which had iden- 
tical spectra for both reactions, was not sufficiently 
stable to be recrystallized. IR(Nujol): u(CO) cm -1=  
1992s, 1928s. NMR (CD2C1]): ~(IH)= 4.05, 5.90 [m, 
CHeP2]; ~(31p) = _ 9.6[s, br, J(PtP) = 3097 Hz, dppm]. 

3.5. X-ray crystal structure analysis of [Pt3{Re(CO) 3} 
(l~-dppm) 3 ] [BPh 4]. CH2CI 2(2[BPh 4 J. CH2CI 2 ) 

Single crystals of 2[BPh4].CHzC! 2 were grown by 
diffusion of diethyl ether into a solution of the com- 
pound in CH2CI z. A crystal of suitable size (0.12 × 
0.14 × 0.30 mm) was obtained by cutting a long rod-like 
crystal along the (0 , -  2 , -  1) plane and was coated with 
apiezon grease to prevent solvent loss. The data collec- 
tion was carried out on an Enraf-Nonius CAD4F 
diffractometer using graphite monochromated Mo Ka  
radiation [19] at -50°C (to prevent solvent loss). 
Least-squares fits of 21 accurately cantered reflections 
(24.1 _< 20 _< 32.1 °) gave cell constants and an orienta- 
tion matrix. The Niggli matrix suggested the triclinic 
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system. Intensity data were recorded in ~o mode,  at 
variable scan speeds and a scan width of  0.80 + 0.35tan0 
with a maximum time per datum of  45 s. Background 
measurements  were made by extending the scan by 
25% on each side. Three standard reflections were 
monitored every 180 min of  X-ray exposure time. In 
all, 13261 reflections in the 20 range 0 -46  ° and 47 
repetitions of  the standards were recorded. 

The NRCVAX crystal structure programs was used for 
data processing and least-squares refinements [20]. The 
data were corrected for Gaussian absorption and gave 
maximum and minimum transmission factors of  0.575 
and 0.458. The space group P-1 was assumed. The 
equivalent reflections were averaged (Rint=0 .012)  
leaving 12550 independent  reflections. The structure 
was solved by using the SHELXS-S6 program [21] and 
subsequent difference Fourier techniques. Anisotropic 
thermal parameters were assigned for the Pt, Re, P, O 
and C atoms of  the carbonyl groups and were refined. 
One  molecule  of  dichloromethane solvent was located 
in the difference Fourier routines. Two different orien- 

Table 2 
Crystal data for [Pt3{Re(CO)3}(/x-dppm)3][BPh4].CH2CI2 (2[BPh4]) 

Empirical formula C lo3HssBIC1203P6Pt 3Re 
fw 2412.84 
Space group P-1 
Cell parameters 

a 21.278(3) 

b 19.021(5) A. 
c 11.352(2) 
a 90.10(2) ° 
/3 99.83(1) ° 
y 94.31(2) ° 
V 4514(2) ,~3 
Z 2 
p, gcm 3: obs, calc. 1.75(5), 1.775 

Temperature - 50°C 
Radiation Mo-Ka 
Wavelength 0.71073 
Abs coeff 59.24 cm- 1 
No. of observ., 8885(I >_ 2.5cr(I)) 
Variables 392 
R, R w " 0.037, 0.030 

a R = E(IIF~,I-I Fc 11)/21Fo I; 
Rw =[Ew( ll Fo l - I Fc ll)2 / ~w l Fo l] 1/2. 

Table 1 
Selected bond distances (.~) and angles (deg) for [Pt3{Re(CO)3}(/~- 
dppm)3][BPh4]'CH2CI 2 (2[BPh4]) 

Pt(1)-Pt(2) 2.6114(7) Pt(1)-Pt(3) 2.5930(9) 
Pt(2)-Pt(3) 2.6078(9) Pt(1)-Re 2.6839(7) 
Pt(2)-Re 2.6488(8) Pt(3)-Re 2.6850(8) 
Pt(1)-P(1) 2.287(3) Pt(1)-P(6) 2.288(3) 
Pt(2)-P(2) 2.291(3) Pt(2)-P(3) 2.293(3) 
Pt(3)-P(4) 2.279(3) Pt(3)-P(5) 2.285(3) 
Re-C(1) 1.85(1) Re-C(2) 1.88(1) 
Re-C(3) 1.85(1) C(1)-O(1) 1.18(1) 
C(2)-O(2) 1.16(1) C(3)-O(3) 1.19(1) 

Pt(2)-Pt(1)-Pt(3) 60.14(2) Pt(2)-Pt(1)-Re 60.01(2) 
Pt(2)-Pt(1)-P(1) 92.27(7) Pt(2)-Pt(1)-P(6) 158.12(8) 
Pt(3)-Pt(1)-Re 61.14(2) Pt(3)-Pt(1)-P(1) 150.14(7) 
Pt(3)-Pt(1)-P(6) 98.07(8) Re-Pt(1)-P(1) 117.03(7) 
Re-Pt(1)-P(6) 109.49(7)  P(1)-Pt(I)-P(6) 109.5(1) 
Pt(1)-Pt(2)-Pt(3) 59.58(2) Pt(1)-Pt(2)-Re 61.35(2) 
Pt(1)-Pt(2)-P(2) 98.01(7) Pt(1)-Pt(2)-P(3) 147.94(7) 
Pt(3)-Pt(2)-Re 61.43(2) Pt(3)-Pt(2)-P(2) 157.59(7) 
Pt(3)-Pt(2)-P(3) 90.36(8) Re-Pt(2)-P(2) 109.83(8) 
Re-Pt(2)-P(3) 116.22(8)  P(2)-Pt(2)-P(3) 111.5(1) 
Pt(1)-Pt(3)-Pt(2) 60.28(2) Pt(1)-Pt(3)-Re 61.10(2) 
Pt(1)-Pt(3)-P(4) 159.46(8) Pt(1)-Pt(3)-P(5) 91.49(7) 
Pt(2)-Pt(3)-Re 60.04(2) Pt(2)-Pt(3)-P(4) 99.20(8) 
Pt(2)-Pt(3)-P(5) 149.73(7) Re-Pt(3)-P(4) 109.37(7) 
Re-Pt(3)-P(5) 118.01(7)  P(4)-Pt(3)-P(5) 108.8(1) 
Pt(1)-Re-Pt(2) 58.64(2) Pt(1)-Re-Pt(3) 57.76(2) 
Pt(1)-Re-C(1) 95.6(4) Pt(1)-Re-C(2) 150.1(3) 
Pt(1)-Re-C(3) 1 1 8 . 6 ( 3 )  Pt(2)-Re-Pt(3) 58.53(2) 
Pt(2)-Re-C(1) 1 1 5 . 6 ( 4 )  Pt(2)-Re-C(2) 93.0(3) 
Pt(2)-Re-C(3) 1 5 4 . 2 ( 3 )  Pt(3)-Re-C(1) 152.6(4) 
Pt(3)-Re-C(2) 1 1 7 . 9 ( 4 )  Pt(3)-Re-C(3) 97.3(3) 
C(1)-Re-C(2) 88.2(5) C(1)-Re-C(3) 90.0(5) 
C(2)-Re-C(3) 91.0(5) Re-C(1)-O(1) 175(1) 
Re-C(2)-O(2) 174(1)  Re-C(3)-O(3) 176.5(9) 
P(1)-C(10)-P(2) 111 .2 (5 )  P(3)-C(20)-P(4) 109.2(5) 
P(5)-C(30)-P(6) 108.6(5) 

tations were seen for the phenyl ring with carbon 
atoms C(211) to C(216) and were related by a rotation 
(of  56.4(7) °) along the axis containing C(211) and C(216) 
atoms. The two disordered rings were refined in the 
least-squares cycles with occupancy factors of  0.5/0.5. 
The hydrogen atoms were placed in ideal positions 
(C-H = 1.08 A) and their thermal parameters were 
assigned as 10% greater than for the attached carbon 

Table 3 
Selected positional parameters and thermal parameters for 2[BPh4] ~ 

Atom x y z Bis o 

Pt(1) 0.20121(2) 0.74084(2) 0.40456(4) 1.88(2) 
Pt(2) 0.32388(2) 0.73424(2) 0.47675(4) 1.89(2) 
Pt(3) 0.27508(2) 0.85601(2) 0.44733(4) 1.79(2) 
Re 0.28367(2) 0.77623(3) 0.25621(4) 2.28(2) 
P(1) 0.1805(1) 0.6232(2) 0.4354(3) 2.3(1) 
P(2) 0.3255(1) 0.6139(2) 0.4789(3) 2.6(1) 
P(3) 0.4186(1) 0.7884(2) 0.5736(2) 2.2(1) 
P(4) 0.3664(1) 0 . 9281 (2 )  0.4967(2) 2.1(1) 
P(5) 0.1890(1) 0 . 9221 (1 )  0.4369(2) 2.0(1) 
P(6) 0.1070(1) 0.7909(2) 0.3414(2) 2.2(1) 
C(1) 0.2533(6) 0.7052(7) 0.1451(9) 3.8(7) 
C(2) 0.3646(6) 0.7720(7) 0.2125(9) 3.4(6) 
C(3) 0.2622(5) 0.8430(6) 0.1410(9) 2.9(6) 
O(1) 0.2325(5) 0.6567(5) 0.0810(8) 7.1(6) 
0(2) 0.4169(4) 0.7703(5) 0.1958(8) 6.1(6) 
0(3) 0.2462(4) 0.8872(5) 0.0705(7) 5.1(5) 
C(10) 0.2471(5) 0.5726(5) 0.4044(9) 2.5(2) 
C(20) 0.4368(4) 0.8743(5) 0.5058(8) 2.0(2) 
C(30) 0.1242(5) 0.8861(5) 0.3151(8) 2.3(2) 

a All the parameters were assigned anisotropic thermal parameters 
given as the isotropic equivalent displacement parameter. Bis o is the 
mean of the principal axes of the thermal ellipsoid. 
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atoms. The  hydrogen atoms were not  inc luded for the 
disordered phenyl  rings. 

In the final cycles, the r e f inemen t  of 392 pa ramete r s  
and 8885 ( I  > 2.5o-(I)) observations,  the model  con- 

verged at R = 0.037, R w = 0.030. In  the final difference 
Four ie r  synthesis the e lectron density ranged  from 1.11 
to - 1 . 1 1  e ,~-3. The  top four peaks had e lectron 

o 3 
densit ies  greater  than  1.0 e A -  , of which the to~  peak 

was associated with C1(2) at a dis tance of 0.20 A and  

the other  three were associated with Re, Pt(2) and  
Pt(1) atoms at dis tances of 1.08, 1.06 and 1.04 ,~ 
respectively. 

Selected b o n d  distances and  angles are listed in 

Table  1. The  crystal data  and  exper imenta l  condi t ions  

are summar ized  in Table  2. Selected posi t ional  and 
thermal  pa ramete r s  are given in Table  3. Comple te  
data  have been  deposi ted with the Cambr idge  Crystal- 
lographic Da ta  Centre .  
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