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Novel Fluxional Rearrangements in Binuclear Platinum Complexes ; 
Intermetallic Ligand Atom Switching 

By EDWARD W. ABEL, A. RAUF KHAN, KENNETH KITE, KEITH G. ORRELL, and VLADIMIR SIK 
(Department of Chemistry, The University, Exeter EX4 4QD) 

Summary The binuclear complexes of the type (f)- 
[(Me,PtX),MeE(CHR),EMe] (E = S or Se; X = C1, Br, 
or I ;  R = H or Me; n = 0 or 1) have been shown to 
exhibit a remarkable series of fluxional phenomena over a 
range of temperatures; most notable of these is an inter- 
metallic commutation by the two donor atoms of the 
bidentate sulphur and selenium ligands . 

WE recently reported' the formation of novel binuclear 
platinum complexes of certain bidentate sulphur ligands, 
and now report that these and further examples of this type 
of complex display most interesting fluxional behaviour. 

The reaction of the tetrameric trimethylplatinum (IV) 
halides (I) with dialkyl disulphides and diselenides, and 
2'4-dithia- and -diselena-pentanes proceeds according to 
equation (l), where E = S or Se; X = C1, Br, or I; R = H 
or Me; and n = 0 or 1. 

[(Me,Pt X),] + 2MeE (CHR),EMe 
(1) 

---+ 2[(Me,PtX),MeE(CHR).EMe] (1) 

Thus these particular ligands split the tetrameric tri- 
methylplatinum(1v) halides (I) into binuclear species as 
exemplified in (II), in contrast to those ligands where n > 1, 
which produce mononuclear species.l 
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Below ca. -95 OC, 1H spectra show that in (11) all eight 
methyl groups are in different environments as expected for 
the 'static' structure illustrated. Between - 95 and 
-20 OC, however, reversal of the E-CH2-E part of the 
6-membered E-CH,-E-Pt-X-Pt ring and sulphur (or 
selenium) atomic inversion become fast on the n.m.r. time- 
scale, the two processes causing different environment 
averaging of E-Me and equatorial Pt-Me protons. 

The energies of these processes are comparable to pre- 
viously reported data for 6-membered heterocyclic ring 
reversals2 and pyramidal inversions of Group 6~ atoms 
attached to Group 8 transition metals.3 Both processes 
contribute to the observed line shapes, and by detailed 
analysis of the 1H n.m.r. spectra we can deduce separately 
the activation parameters for these two dynamic processes. 
On average the activation energies for ring inversion are 
6-43 k J mol-1 lower than the corresponding pyramidal 
ligand atom inversion. 

During these processes the E-Me 1H resonances retain the 
usual 1 : 4: 1 triplet structure [typically, ,J(Pt-H) = ca. 
12 Hz], confirming the intramolecular non-dissociative 
nature of both the ring and ligand atom inversions. 

A t  higher temperatures (between 0 and 70 "C), the 1H 
resonances of the E-Me group change from a triplet (1 : 4 : 1) 
to a quintet (ca. 1 : 8 : 18 : 8 : 1) with a concomitant approxi- 
mate halving of J(Pt-H) to ca. 6 Hz. The quintet struc- 
ture for the E-Me signals has been reported previously in 
complexes where the protons are coupled equally to two 
platinum atoms.* In the present complexes an inter- 
metallic ligand atom switching process is proposed as 
illustrated in (111). 

Such a process averages the couplings ,J(Pt-H) and 
*J(Pt-H) or 6J(Pt-H) for the complexes with n = 0 or n = 
1, respectively. The Figure shows the observed E-Me 
spectra for the complex ( j-)-[(Me,PtCl),(MeSCHMeSMe)], 
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FIGURE. Variable temperature lH n.m.r. spectra of the -SMe 
region of ( f )- f(Me,PtCl),(MeSCHMeSMe) J illustrating the onset 
of the lizzand switching Drocess. 
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which arise from a superposition of sub-spectra due to the 
species [Pt, Pt], [Pt, le6Pt], and [1e5Pt, lBSPt], present in 
their natural abundances. 

Whilst this intermetallic ligand atom switching accounts 
for the observed coalescence of all of the equatorial Pt-Me 
signals (Me', Me%, Me3, and Me*), it does not explain a final 
coalescence of all six Pt-Me signals a t  higher temperature 
with retention of Pt-coupling. Here it seems likely that an 
intramolecular random cleavage of halogen bridges is taking 
place, to give a short lived 5-co-ordinate species analogous 
to that postulated5 in the reductive elimination reactions of 

the complexes PtXMe&. This would allow the three 
platinum methyl environments to become completely 
averaged. 

In these complexes no ligand dissociation occurs below 
ca. 100 "C or below ca. 40 "C in the complexes with n = 1 or 
n = 0, respectively. Above these temperatures, however, 
ligand dissociation-recombination processes are clearly 
evident from the loss of the averaged couplings between 
l e a p t  and the E-Me protons. 
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