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Models for Bimetallic Catalysts: Selectivity in Ligand Addition as a Function of Rhenium 
Oxidation State in Pt3Re Clusters 
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The ligands CO, P(ORI3, and X- (X = CI, Br, I) add selectively to the Re and Pt3 sites in the coordinatively unsaturated 
clusters [Pt3{Re(CO)3}(p-dppm)31+ and [Pt3{Re03}(y-dppm)31+ respectively, dppm = Ph2PCH2PPh2: the selectivity 
t h u s  displays a remarkable dependency on the oxidation state of rhenium. 

Coordinatively unsaturated metal cluster complexes can act as 
models for heterogeneous surface catalysts, but models for the 
important bimetallic catalysts such as Pt/Re/AI2O3 are less 
developed.' In such oxide-supported catalysts, the metals may 
undergo reversible oxidation and reduction.2 In the case of 
Pt/Re/A1203 catalysts, which are widely used for commercial 
reforming of petroleum,3 the platinum is always present as Pto 
but, for the more oxophilic rhenium, there is evidence for the 
presence of Re" and Re'" in addition to Reo.4 The coordina- 
tively unsaturated clusters [Pt3{Re(CO)3}(p-dppm)3]+, 1,s  
and [Pt3{ Re03}(p-dppm)3]+, 2,6 can act as models for surface 
Pt/Re clusters in which Re is in low and high oxidation states 
respectively.: Since both C O  and the terminal 0x0 ligand are 
formally two-electron donors, the overall cluster count in 1 
and 2 remains the same. Both are coordinatively unsaturated 
54-electron clusters with tetrahedral Pt3Re cores, but the 
oxidation states at rhenium are very different.6 This paper 
addresses the question of how the site selectivity for ligand 
addition depends on the oxidation state of rhenium as a model 
for possible selectivity in chemisorption to Pt/Re/A1203 
bimetallic catalysts. 

Cluster 1 reacts easily with donor ligands according to eqn. 
(1) to give the adducts 3 by selective addition to the rhenium 
centre.$ The reactions of 1 with CO, and halides are 
reversible. and for the halides the equilibrium is shifted in 
favour of the products in the order I- > Br- > C1-. All the 
adducts can be isolated as red solids and cluster 3c was 
characterized by an X-ray structure determination.$ The 
structure, Fig. 1, shows that the Pt3Re tor? has distorted 
tetrahedral geometry. The mean Pt-Pt (2.60 A in 1,2.64 A in 
3c) and Pt-Re (2.67 8, in 1, 2.84 A in 3c) distances are longer 
than in 1, and the distance Pt(3)...Re = 2.942(1) A in 3c is 
especially long. These data indicate that the new Re-L 
bonding occurs at the expense of some cluster bonding. 
However, i t  should be noted that two of the carbonyl ligands 
on rhenium weakly semi-bridge to Pt(1) and Pt(2), a feature 
absent in 1 .  The new clusters 3 are fluxional. For example, the 
3lP NMR spectrum of 3c contained only one resonance due to 
dppm phosphorus atoms at temperature but three 

at lo,,, temperature, as expected for the solid State 
structure' mechanism Of fluxionality is proposed to 

triangle. 

The cluster complex 2 also reacts readily with donor ligands, 
but the reactions now occur at the Pt3 centre according to eqn. 
(2). Carbon monoxide adds to 2 in a p3 mode to give 4a 
whereas trimethyl phosphite acts as a terminal ligand to give 5. 
Halide ions appear to give 4b-d with Pt&-X) coordination 
since the 31P NMR spectrum gives only one resonance. 
However, the resonance is broader at low temperature and it 
is possible that these adducts have lower symmetry (for 
example with p2 or terminal X) but are fluxional. The 
reactions in eqn. (2) are all reversible. Thus, for example, C O  
is readily lost from 4a to regenerate 2, and halide exchange 

Fig. 1 A view of the [pt,{Re(Co),p(oph),}(Ic.-dPPm),l+ cation, 312. 
50% probability ellipsoids are displayed. For clarity. hydrogen atoms 
are omitted as are all but the ips0 carbon atom of each of the fifteen 
phenyl rings. Selected distances are: Pt(1)-Pt(2) 2.677(1). Pt( 1)-Pt(3) 
2.635(1), Pt(2)-Pt(3) 2.603(1), Pt(1)-Re 2.825(1), Pt(2)-Re 2.762(1). 

P(7) 2.255(3), Re-C(4) 1.885(10). Re-C(5) 1.998(9). Re-C(6) 
1.969(9). Pt-P 2.253(3)-2.307(2) A.  

involve the rotation Of the Re(C0)3L unit about the Pt3 Pt(3) . . .Re 2,942(1), Pt(1) ...C(6) 2,55(1), Pt(2) . . .C(5) 2,43(1). Re- 

l+ l+ l+ 0 O c co l+ \ CO l+ 
:I 

(2) 

OC-Re-CO 
c\ I /  

pO"\ 7"\p 

Re - - (1 1 L 

Lp/p(\p/ 
1 3aL=CO 

b L = P(OMe)3 L 
c L = P(OPh)3 5 L = P(OMe), 2 4aL=CO 

e L = Br- c L = Br- 
d L = C I -  b L = C I -  

f L = l -  d L =  I -  
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rcactions indicate that adduct formation is favoured in the 
order I -  > Rr- > CI-. The triply bridging carbonyl in 4a is 
characterized in the IK by v(C0) = 1606 cm-1 and in the 13C: 
NMRhya I :4 :7 :4 :  lquintetatb=224.6withV(PtC)=513 
HI.. The value of v(C0) is particularly low, indicating strong 
hackhonding, but the other parameters are as expected for a 
Pt3( p.T-c'O) group.% 'Thc terminal nature of the P(OMe)3 
ligand in the adduct 5 is shown by the low tempcraturc 3lP 
NMK spectrum. but thc complcx is fluxional due to easy 
migration of thc phosphitc ligand around the triangular Pt, 
I'rrcc of the clustcr.8 The coordination of the phosphite to 
platinum is shown by the magnitude of IJ(PtP) = 3713 Hz, 
which can he compared to the coupling Y( PtReP) = 156 Hz in 
3b. Triphcnyl phosphitc failcd to rcact with 2. 

'Thc contrast betwccn the sclcctivitics towards ligand 
addition of 1 and 2 is dramatic. The rcactivity of 2 is similar to 
that of I Pt3( p3-CO)( p-dppm)3 I?+ , and of relatcd main group 
metal clustcrs such as thosc containing Pt&-SnXg) or 
Yt,(p3-Hg) units, which all rcact selectively at the Pt, ccntrc, 
somctimcs with displacement of thc main group metal." Thc 
different rcactivity of 1 is notcworthy. If the argument that the 
Yt3( p-dppm), fraigmcnt is isolobal to CsHs- is accepted,h then 
1 may bc considcrcd isolobal to [if-CsHsKe(CO),]. This 
complex is incrt t o  ligand addition but the related complex 
[?l~-CsH~Kc(CO)(NO)KJ is known to add ligands at Re with 
slippage of the qWsHs ligand totr3.1"The ligand addition to 1 
could he considered analogous t o  this chemistry. In particular. 
the Kc(C'O)~+ fragment has threc acceptor orbitals and so can 
accept thrcc clcctron pairs from the Pt-Pt bonding MO's o f  
IPt.l(dppm)3J but Rc(CO)~+ has only two acccptor orbitals 
and so only two clcctrcm pairs can bc acccpted. Thc 
weakening o f  YtKc bonding in 3c compared to 1 thus follows 
naturally. Of coursc, this does not explain the sclcctivity 
diffcrcncc and future thcorctical analysis is dcsirablc for this 
purposc. In bimetallic catalysts, thc sclcctivity of ligand 
binding could also change with thc oxidation state of thc metal 
clusters prcscnt. In the spccific caw of Pt/Re/A1203 catalysts, 
thcrc is cvidcncc that Kc" and RcIV coexist on the surfaccs of 
thc rcduccd catalyst, and that, while Rc" chemisorbs CO. 
KclV shows no such activity.-'f The sclectivity towards ligand 
addition of the clusters 1 and 2 can bc considered to model this 
effect. We know of no preccdcnts for such a dramatic 
difrcrcncc in selectivity towards ligand addition to clustcrs as ii 
function of oxidation statc of onc of thc metal ccntrcs. 
W'c thank thc NSEKC (Canada) and the SERC (UK) for 

financial support and the Iranian govcrnmcnt for a studcnt- 
ship (A .  A. T.). 

Footnotes 
* In clusters 1 and 2. the formal oxidation statcs of Re may bc (I) and 
(VII )  rcspcctively and 2 is a rarc cxamplc of a clustcr with nictds in 
vcry diffcrent oxidation 
$ Crystal datu for k[PF,,I.EtOH. C,)sHs7F;h07PsPt.&. M = 2398.0. 
triclinic. spacc group f7. u = l3.W3( I ) .  h = 17.W( I ) .  c- = 19.7532) 

= 2. D = I .764 g crn-e3. R = 0.041. K,,. = 0.043 for rcfincmcnt of464 
paramctcrs using 14.768 rctlcctions with I 2 h ( l )  irnd B(Mo-Ka) S 
30'. Atomic coordinates. bond lengths and anglcs, arid thermal 
paramctcrs havc bccn dcpositcd at thc Cambridge Cryst;tllogriiphic 
Data Ccntrc. SCC Information for Authors. Issuc No. I .  

A. = 88.198(7). p = 87.766(7). y = 72.3944)". V = 3702.7(7) A.'. Z 
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