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Abstract 

Reactions of the heterobimetallic complexes [(OC)&MeO)sSi]F~ 
PPh&Pt(PPh,),] (1) and [(OQ,((MeO)sSi)Fe(~-PRJPt(l,S-COD)] 
(3a, R = Ph) with HBF,.Et,O result in cleavage of the Fe-Si bond 
and formation of the dihydrido complexes [(OC),Fe&-PPh,XF- 
H),Pt(PPh,),][BF,] (2) and [(OC)3Fe(CL-PR,XCL-H),Pt(1,5- 
COD)XBF,] (41, respectively. Reactions of 3a or 3b (R = Cy) with 
[(Ph,P)AuHPF,] required 2 equiv. of the electrophile to give the 
clusters [(OC),Fe(~-PR,&Au(PPh3)]2Pt(l,5-COD)][PF6] (Ja, R = 
Ph; Sb, R = Cy). These were fully characterised and the structure of 
5b was determined by X-ray diffraction: crystals are monoclini$, 
space group P2, /n, a = 22.479(6), b = 26.781(8), c = 10.254(3) A, 
p = 102.94(2Y, U = 6016.1 k and 2 = 4. This is the first structural 
determination of a heterobimetallif complex carrying two Au-frag- 
ments. The Fe-Pt bond (2.715(3) A) is bridged by a r~-PCyr group 
and by two Au(PPh,) fragments. No Au-Au interaction is observed 
(4.3330) &. 

Heterodinuclear metal-metal bonded complexes of 
the transition metals containing a single bridging unit, 
such as a P-PR, ligand, are particularly suitable for 
investigating the site-selectivity of reactions with elec- 
trophilic reagents [ll. Reactions involving an electron- 
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rich moiety M-(CL-PR,)-M’ may occur at M or M’, at 
the metal-metal bond or even at the metal-(P-P) 
bond [Id]. The bridging ligand holds the metals in close 
proximity, allowing study of various bimetallic effects 
that could otherwise not be observed (in case of frag- 
mentation), without shielding the metal centres and 
decreasing the reactivity of the complex. This may 
occur when two or more bridging units are present. 
Cases in which the electrophile simply adds to the 
dinuclear core should be distinguished from those in 
which one of the metals carries a ligand, generally 
anionic, that reacts or is split by the electrophile, often 
resulting in more complex reactions and molecular 
rearrangements (eg. propene elimination from an ally1 
complex in the presence of an acidic hydrogen). Here 
we describe the reactions of (trimethoxyjsilyl iron- 
platinum complexes with the electrophiles H+ and 
Au(PPh,)+, which lead to the splitting of the Fe-Si 
bond with formation of new bonds between the metal 
and the electrophile. 

Protonation of [(OC),{(MeO),Si]Fe(~-PPh*)Pt- 
(PPh,),] (1) [2] with an excess of HBF, * Et,0 in cold 
CH,Cl, occurred with loss of the -Si(OMe), ligand 
(most likely as FSi(OMe),), as revealed by ‘H NMR 
and FAB+ mass spectroscopic methods. The cationic 
dihydride complex [(OC),Fe(~-PPh,)(~-H)2Pt- 
(PPh,),][BF,] (2) was isolated in quantitative yield 
(eqn. (1)). 

Ph Ph 

1 2 

The bridging position of the two equivalent hydrides 
was deduced from the ‘H NMR spectrum, which dis- 
plays a symmetrical doublet of doublets of doublets in 
the highfield region, owing to coupling to p-P (34 Hz), 

to P,,,,, (36 Hz) and to Pcis (10 Hz), flanked by Pt 
satellites [3]. The coupling to p-P is similar to that in 4 
(40 Hz) (see below). The ‘J(PtH) value of 200 Hz is 
indicative of a bridging position of the hydrides, since 
it is intermediate between the typical values of ‘J(PtH) 
and ‘J(PtH) reported for bimetallic Fe-Pt systems [4]. 
The 31P(1H) NMR spectrum displays three mutually 
coupled sets of resonances for the phosphido-bridge 
(8 = 162.6, *.I(P,_ P) = 251 Hz, 2J(P,i,P> = 11 Hz, 
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TABLE 1. Selected interatomic distances (A) and angles (“1 for 5b 

AuWAu(2) 4.3330) Pt-Fe 2.715(3) 
Au(l)-Pt 2.821(l) Fe-P(l) 2.197(6) 
Au(l)-Fe 2.614(3) Pt-C(16) 2.18(2) 
Au(2)-Pt 2.875(l) Pt-Cf17) 2.22(2) 
Au(2)-Fe 2.576(3) Pt-C(20) 2.38(2) 
Au(l)-P(2) 2.298(5) Pt-C(21) 2.35(2) 
Au(2)-P(3) 2.284(5) Pt-P(1) 2.229(5) 
Fe-C(13) 1.70(3) 
Fe-C(l4) 1.77(2) 
Fe-C(15) 1.82(3) 

Fe-Pt-P(1) 51.6(2) Au(l)-Pt-Au(2) 99.07(3) 
Pt-Fe-P(l) 52.7(l) Fe-Pt-Au(Z) 54.81(6) 
Fe-P(l)-Pt 75xX2) Pt-Fe-Au(2) 65.75(7) 
Fe-Pt-Au(l) 56.31(6) Fe-Au(2bPt 59.44(6) 
Pt-Fe-Au(l) 63.90(7) Au(l)-Fe-Ad21 113.2(l) 
Fe-Au(l)-Pt 59.78(6) Pl-Pt-C(16) 107.4(5) 
CU3)-Fe-C(14) 960) Pl-Pt-Ct17) 100.4(7) 
(X3)-Fe-C(15) 990) Pl-Pt-cx20) 161.2(6) 
c(14)-Fe-C051 990) Pl-Pt-C(21) 160.5(6) 
P(l)-Fe-C051 151.6(8) 

sented in Table 1. The Fe-Pt bond is bridged by a 
p-PCy, group and by two Au(PPh,) fragments. The 
propeller-like core structure of 5b is represented in 
Fig. 2 and is best described as consisting of three 
triangles sharing the Pt-Fe edge. The dihedral angles 
between the Fe-Pt-P(1) and the Pt-Fe-Au(l) and 
Pt-Fe-Au(2) planes are 114.5” and 111.0” respectively, 
while that between Pt-Fe-Au(l) and Pt-Fe-Au(2) is 
134.6”. There is no direct Au-Au interaction, and the 
interatomic separation of 4.3330) A is similar to that 
observed in [Os,(CO),,{~-Au(PPh,)},l[4.304(2) Al [ill. 
This is in contrast to [(OC),W(CL-PPh2){(CL-Au- 

(PPh,)},W(CO),], in which an Au-Au distance of 
2.749(2) A was accompanied by a lengthening of the 
W-W distance to 3.3320) A [12]. The structure of Sb 
may be compared with those of [Cl(OC),Fe&P- 
mt-(PEtsI,] [51 and [(OC),Fe(~-PCL,XCL-H)Pt- 
(PEt,),] [4b] which contain a similar opt&P)Fe trian- 
gle. The Pt-Fe distance of 2.715(3) A is in the usual 
range for this bond [13]. The angles Fe-Au(l)-Pt and 
Fe-Au(2)-Pt of 59.78(6)” and 59.44(6Y, respectively, 
are similar to the M-Au-Pt angles in the complexes 
[(HCl,PXCO)Pt(~-PCL~X~-Au(PPh~)]~(CpXCO)~l 
[60.3(l)“] [la] and [Cp(OC),~(cL-PPh,XII-Au(PPh,)]- 
~t(~-PPh2X~-CO)W(CpXC0)21 [59.7(0’1 [ICI. The 
Pt-Au distances of 2.8210) and 2.8750) A are very 
close to those in the latter two complexes and are in 
the usual range found for this bond [la,14]. The 1,5- 
COD ligand is bound to Pt in the usual boat conforma- 
tion [15]. The geometry at the Pt centre is best de- 
scribed as severly distorted square planar with the 
olefinic C=C bonds approximately fral2s to (P-P) and 
trans to the middle of the Au(DAu(2) unit, respec- 
tively. The structure of 5b appears to be the first 
reported for an MM’Au, cluster [14,161. The isolobal 
analogy between [Au(PPh,)]+ and the proton success- 
fully relates complexes 4 and 5. 

The metal-silicon bond in 3 can be considered as a 
useful synthetic tool which allows, after its cleavage, 
further addition and increase in cluster nuclearity [17]. 
Furthermore, complexes 3-5 are potential precursors 
to a variety of heterometallic complexes since they 
contain the readily displaced 1,5-COD ligand. Prelimi- 
nary results have already shown that 3a reacts with 1 
equiv. of [HFe{Si(OMe>J(CO),(~l-dppm)l in CH,Cl, 

Fig. 2. Perspective view of the core structure of the cation of 5b. 
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to give the Fe,Pt complex 6 which contains two silyl 
ligands and a hydride (eqn. (3)) [18]. 

J 20%12h 

Ph2 Phz 
D- 

6 

This dppm-assisted synthesis involves displacement 
of the 1,5-COD ligand and oxidative-addition of the 
Fe-H bond. 
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