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summary 

cis- [ PtMeJ PMezPh)J reacts with [PtX2Me2(PMe2Ph)2] (X = I, NO*, NOs) to 
give [ PtXMe(PMe2Ph)J and [ PtXMe3(PMepPh)J. When X = I, the isomer cis- 
cis-trans-[PtXzMe2(PMe,Ph),] fails to react with cis-[PtMe2(PMepPh)z] though 
the tram-cis-cis isomer does react. By labelling studies, it is shown that when 
X = NO3 the reaction occurs by methyl for nitrate exchange rather than by a 
redox mechanism, though when X = NO2 the situation was more complex. 
trans-[PtIHL,] (L = PMes or PMe*Ph) reacted with [ AuMeL] or cis-[PtMe&, I 
to give trans-]PtIMeL2], a reaction which appears to involve methyl for hydride 
exchange. 

--- 

Introduction 

Reactions in which an alkyl or aryl group is exchanged between two platinum(H) 
centres have been studied in considerable detail (e.g. eq. 1) [l--4], 

cis-[PtMez(PMeaPh)2] + cis-[Pt(N0&(PMe2Ph)J 2 

2 cis-[Pt(NO,)Me(PMe,Ph)J %Z 2 trans-[Pt(N03)Me(PMezPh)J (1) 

The reactions occur stereospecifically and the mechanism of reaction has been 
discussed. 

In contrast, methyl transfer reactions between platinum(B) and platinum(IV) 
centres have been very little studied. It was shown that the products of reac- 
tion of nitric oxide with cis-[PtMe2(PMe2Ph)2] arose through the sequence of 
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reactions in eq. 2 and 3, involving methyl for nitro exchange between cis-lPtMe2- 
(PMe,Ph),] and [Pt(NO,),Mez(PMe,Ph)z] [5]. 

cis-[PtMez(PMezPh)z] + 4 NO + [Pt(NO&Me,(PMezPh)~] + Nz (2) 

cis-[PtMez(PMe2Ph)2) + [Pt(NO&Me,(PMe,Ph),1 + 

trans-[Pt(NOz)Me(PMezPh)J -t fac-[Pt(NOz)Me3(PMezPh)2] (3) 

Reactions of this type could proceed in two ways. Thus, a redox mechanism 
is possiblein which a methyl and nitro group are transferred from platinum(IV) 
to platinum(II), in an analogous fashion to the oxidation of methylplatinum 
complexes by gold(III) halide complexes (eq. 4).[2]. 

cis- ~tMe,(PMe,Ph),] + [AuBrg(PMe2Ph)] - 

i 

Br 

Me\ 1 ,PMeph 

Me/Pt \ 
I PMe, Ph 

I Br 

+ [A”Br(PMezPli)] (4) 

Alternatively a simple methyl for nitro exchange could occur. By analogy 
with the proposed mechanisms of methyl transfer reactions between platinum(U) 
centres and methyl transfer to octahedral ruthenium(II) complexes, it is expected 
that dissociation of a ligand from platinum(IV) would be necessary to create a 
vacant coordination site before the exchange reaction could occur [2-4,6] _ 

In an attempt to resolve these problems, we have studied the course of 
reaction between cis-[PtMe,(PMezPh)2] and some platinum(IV) complexes 
[PtX2Me2(PMezPh)2] (X = I, NO, or N03). A preliminary account of some of 
this work has been published 131. We also report some reactions of hydrido- 
platinum(I1) complexes which may involve hydride for methyl exchange. 

Methyl exchange between platinum(I1) and platinum(IV) 

The complex cis-[ PtMe2(PMezPh)23 is a strong methylating agent and will 
react with several complexes [PtXzMez(PMezPh)s] (X = I, NOz or NO,), 
though the reactions are not simple. For example, reaction occurs with the 
isomer of [ Pt12Mez(PMezPh)2J with structure I according to eq. 5. 

I 

cis- [PtMe,(PMe,Ph),] + Me\ HjPMezPh - 
1 

Mdpt\PMe Ph 
I 2 I 

I 

(I) 

tram- kt I Me(PMe,Ph 12] + fat-[Pt I Meg(PMe2Ph 12] (5) 
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However, this reaction occurred at a similar rate as the isomerisation of I to 
the more stable isomer II (eq. 6). 

Me 

I- 
PhMe2P\ I /I 

Me/T'\PMe Ph 

(6) 

2 

Since II did not react with cis-[PtMez(PMe2Ph)z], the final products after 
2 days were trans-[PtIMe(PMe,Ph)J, fac-[PtIMe3(PMe2Ph)z], (II) and unchanged 
cis-[ PtMez(PMezPh)s] _ 

The different reactivities of isomeric platinum(IV) species towards methyla- 
tion has a precedent in the methylation of isomers of [RuC12(C0)2(PMe2Ph)2] 
by. HgMe,. These reactions were shown to occur after dissociation of a carbonyl 
ligand to generate a vacant coordination site at ruthenium. The rate of reaction 
was determined by the ease of dissociation of the carbonyl ligand which, in 
turn, was determined by the trans-influence of the ligand trczns to carbonyl 
161. The results for the platinum(IV) complexes can be explained in a similar 
way if the rate-determining step is loss of a phosphine ligand from platinum(IV). , 
In isomer I the phosphine ligands are trans to methyl, which has a very high 
trans-influence [7], whereas in (II) the phosphine ligands are mutually tram and 
are expected to dissociate less readily. The proposed mechanism is shown in 
Scheme 1. According to this scheme the reaction should be retarded by added 

SCHEhlE 1 

I 

-PMezPh 
Me\Pt _HPMezPh _ 

I 
I _ 

cis-[PtMez(PMe,Ph)z] 

Me’ 
I 

- trons -[PtIMe(PMe2Ph12] 

+ 
I 

Me 

Ii 
Me 

Me\ /PMe2Ph I 

Me’Pt/PMe2Ph 
I 

Me/ I 
I 

PMe2 Ph 

I Me 

i 

PM e,Ph Me\ PtAPMeZPh 
I 

Me’ ’ I PMe,Ph 

II I 

PMezPh, since this would lower the steady state concentration of the 5 coordi- 
nate intermediates. We have attempted to check this point but, except at very 



254 

low phosphine concentrations where no appreciable effect on the rate of reac- 
tion was observed, the experiments were unsuccessful due to general broadening 
of the NMR spectra under these conditions. 

An apparently simpler reaction, which was complete in 24 h, occurred between 
cis-[PtMez(PMezPh)z] and [Pt(NO&Mez(PMezPh)J (eq. 7). 

Me 

1 + Me\ I YPMe2Ph - 
PhMe PIPt\~O 2 

I 2 1 
“‘02 

trans - Pt (NO,) Me(PMe,Ph), [ 1 + foc-[Pt(N02)Me3(PMe2Ph)2] (7) 

An attempt was made to distinguish between the simple exchange mechanism 
and a redox mechanism by carrying out the reaction with labelled cis-[Pt(CD& 
(PMezPh)z] and analysing the CD3 content of the products by NMR spectroscopy. 
The following results are predicted: (i) Simple methyl for nitro exchange mech- 
anism should give as products trans-[Pt(NOz)(CD3)(PMezPh)J and [Pt(NO& 
Me,(CD,)(PMe,Ph)l‘J and (ii) redox mechanism with methyl and nitro group 
transfer from platinum(IV) to platinum(D) should give trans-[Pt(N01)Me(PMe2- 
Ph),] and [Pt(NO,)Me(CD&(PMe,Ph)J . 

In fact, analysis of the products indicated that complete scrambling of 
methyl and CD3 groups between platinum(I1) and platinum(IV) and amongst all 
stereochemical positions in the platinum(IV) product had occurred. Thus it seems 
that either a multiple exchange occurs or else that methyl for methyl exchange 
occurs more rapidly than methyl for nitro exchange_ The results are not useful 
in distinguishing between the two possible mechanisms of reaction. 

It has previously been shown that nitratoplatinum(I1) complexes undergo sub- 
stitution reactions particularly rapidly [2,8,9] and nitratoplatinum(IV) com- 
plexes have now been shown to 
instantly at room temperature_ 

cis- PtMe2(PMe2Ph12 
C 1 + 

F 

behavesimil~ly. Thus reaction 8 occurred 

Me 

I 
1 

Me,pt,PMe2Ph 1 _ 

>hMe P’ 2 ‘NO 3 

NO3 

cis-[Pt(N03) Me (PMe,Ph&] + foe-[Pt(NOxI Me3(PMe2Ph)2] (8) 

‘Ibis reaction wascomplicated by the decomposition of fat-[Pt(N03)Me3- 
(PMezPh)J to give ethane and truns-[Pt(N03)Me(PMe2Ph)z] by reductive 
elimination. This reaction was complete in ca. 1 h. 
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The analogous reaction using Iabelled cis-[Pt(CD,),(PMe,Ph)s] occurred as 
shown in eq. 9. 

cis-[Pt(CD3)2(PMezPh)z] + [Pt(NO&Me,(PMe,Ph)J fa2 

cis-[Pt(NOS)(CD,)(PMe,Ph),l + [Pt(N03)Me2(CD3)(PMe.Ph),l (9) 

J 
slow SlOlV 

J 
&ens-[Pt(NO,)(CD,)(PMesPh)J C2H6 + [Pt(N03)(CD3)(PMe2Ph),] or 

CH,CD, + [Pt(NO,)Me(PMezPh)J . 

The initial platinum(I1) product was cis-[Pt(NO,)(CD,)(PMe,Ph),l which 
could only be formed by the simple methyl for nitrate exchange mechanism. 
The final products after 2 h were ti~ns-[Pt(N03)(CD3)(PMe2Ph)2] and trans- 
[Pt(NO,)Me(PMeZPh)zJ in the ratio (2.1 -+ 0.1)/l. Again this is only consistent 
with the methyl for nitrate exchange mechanism. Thus assuming that (Pt(NO,)- 
Me,(CD,)(PMe,Ph),] decomposes to give [Pt(N03)Me(PMezPh)J and [Pt(NO,)- 
(CD3)(PMe2Ph),] in a 2/l ratio as predicted by statistical considerations only, 
the final ratio of trans-[Pt(NO,)Me(PMezPh),l to tians-[Pt(N03)(CD3)(PMezPh)J 
should be l/2 in good agreement with experiment. The redox mechanism 

Me + Me\pt/PMe2ph + I 
PhMe P/ ’ 1 c,s+tMe,~PMe2PhJp~ A 

* NO, 

0 

NOg- 

PM+Ph 

[ PnM::=‘=::r] + + us-[PtMe2(PMe2PhJ2-j 5 

PMezPh 

: 

rot-~t(NO,JMe~(PMe,Ph)] + Cis-[Pt (NO,)Me(PMe,Ph),] (11) 
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would predict a ratio of-2/l trans-[Pt(N03)Me(PMeZPh)J/trans-[Pt(NO,)(CD,)- 
(PMe,Ph),] by similar arguments_ 

The precise mechanism by which the methyl for nitrate exchange occurs is 
not yet known. Since the rate of reaction of the nitratoplatinum(IV) complex 
was very much greater than with analogous nitro or iodo complexes, it is very 
likely that dissociation of a nitrate ligand rather than a neutral phosphine ligand 
from platinum(IV) to create a vacant coordination site occurs [ 2,8,9] _ The 
methyl transfer from cis-[ PtMe,( PMe,Ph),] could then involve a cyclic transi- 
tion state (III, eq. lo), or an intermediate Pt-Pt bonded species (IV, eq. 11). 
Note that in either mechanism the change of configuration of the two phosphine 
ligands from tram to cis on platinum(IV) is readily explained since the initial 
five coordinate [Pt(N03)Me2(PlMezPh1)21, is expected to be stereochemically non- 
rigid_ The mechanism of eq. 10 rationalizes the stereochemistry of the initial 
products most readily [3], though there is evidence that methyl transfer reac- 
tions from methyl( tertiary phosphine)-platinum( II) complexes often proceed 
by the oxidative addition-reduction elimination sequence shown in eq. 11 [4,10]. 
Note that formation of an intermediate analogous to IV could explain the 
scrambling of CH, and CD3 groups in the reaction of cis-[Pt(CD&(PMe2Ph)Z] 
with [ Pt( N0&Me2( PMe,Ph),] _ 

Hydride exchange reactions 

Methylplatinum(I1) and methylgold complexes undergo exchange reactions 
with trans-[ PtIHLZ] (L = PMe3 or PMe2Ph), but in each case only one of the two 
products was stable. For example, reaction between [ AuMe( PILIen)] and tram- 
[PtIH(PMe&] gave a deep red solution from which trans-[PtIMe(PMe,)Z] could 
be isolated_ The initial reaction therefore appears to involve a methyl for hydride 
eschange (eq. 12) 

trafzs-[PtIH(PMe,),] + [AuMe(PMe?)] --t trans-[PtIMe(PMe,)2] + [AuH(PlMe,)] 

(12) 

The presumed hydridogold(I) intermediate evidently decomposes perhaps to 
a gold cluster complex [ll] , many of which are highly coloured. The red mate- 
rial formed an oil which could not be purified and which decomposed to gold 
metal on heating. 

Similarly, reaction of cis-[ PtMe2(PlMe2Ph)2] with tram-[ PtIH( PMe2Ph)J gave, 
after 2 days in acetone at 60” C, trans-[PtIlMe(PMe,Ph),] and CH4 as the only 
identified products. A red oil was also formed. The reaction probably proceeds 
according to eq. 13. 

cis-[PtMe2(PMe2Ph)2] i trans-[PtIH(PMezPl~)Z] -+ . 

trans-[PtIMe(PMe,Ph),] + [PtHMe(PMe,Ph)l] (13) 

The presumed [PtHMe(PMe2Ph)J is expected to decompose to methane and 
[Pt(PMe2Ph)2], which is itself unstable and gives various polymeric products 
[12] _ Hydrido(aIkyl)platinum(II) complexes are known to be stable only when 
the alkyl group carried electronegative substituents [ 131. 
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Experimental 

cis-[PtMe,(PMe,Ph),], cis-cis-trans-[PtI,Me,(PMe,Ph)J, cis-cis-trans-[Pt(N0*)2- 
Mez(PMe2Ph)z], ci.s-cis-trans-[Pt(N03)2hle2(PMezPh)J and [AuMe(PMe,)] were 
preptied by literature methods [ 5,14,15] _ tram-cis-cis- [ PtI,Me*( PMe,Ph),] was 
prepared by reaction of cis-[PtMe,(PMe,Ph),] (0.11 g, 0.22 mmol) in ether (5 
cm-‘) with iodine (0.058 g, 0.23 mmol) in ether (5 cm3). Bright orange crystals 
precipitated. The product was filtered off, washed with ether and dried under 
vacuum. m-p. 154-158°C (decomp.) Yield 0.13 g. 

Exchange reactions 
The general experimental technique was to mix solutions of the reagents in 

an NMR tube and to follow the course of the reaction by recording NMR spec- 
tra periodically_ The solvent was dichloromethane unless otherwise specified. In 
many cases reaction products were subsequently isolated, while in other cases 
products were identified by their characteristic ‘H NlMR spectra by direct com- 
parison with spectra of authentic samples [2] _ Only representative experiments 
are described below. 

cis-[PtMe2(PMe,Ph),] with trans-cis-cis-[PtIJlle,(PMe,Ph),J. ,5 mixture of 
cis-[PtMel(PMezPh)2] (0.036 g, 0.072 mmol) and trans-cis-cis-[Pt12Me2- 
(PMe,Ph),] (0.055 g, 0.073 mmol) in dichloromethane (0.8 cm3) was sealed in 
an NMR tube after first degassing the solution by 3 freeze-pump-thaw cycles. 

After 10 h, 50% of the cis-(PtMe,(PMe,Ph),] has reacted to give fac-[PtIMe,- 
(PMe,Ph)2] and tram-[ PtIMe(PMe,Ph),] and a small quantity of cis-cis-trans- 
[PtI,Mez(PMe,Ph),] was detected_ As the reaction proceeded the proportion of 
the latter isomerised product increased. In a separate experiment it was shown 
that isomerisation of tram-cis-cis to cis-cis-trans-[PtI,Me,(PMe,Ph),] in dichloro- 
methane solution was complete in 2 days. 

cis-[Pt(CD3)I(PMe2Ph)J with cis-cis-trans-[Pt(N03)2Me2(PMe2Ph)2]. cis-[Pt- 
(CDR),(PMe2Ph),] (0.035 g, 0.069 mmol) and cis-cis-trans-[Pt(NO,),Me,- 
(PMe,Ph),] (0.043 g, 0.069 mmol) were mixed in dichloromethane (0.7 cm3) 
in an NMR tube. An immediate reaction occurred to give cis-[Pt(N03)(CD& 
(PMe,Phj2] and [Pt(NOR)Me2(CD,)(PMe,Ph)J, which decomposed in 2 h to 
give C2H6 and CH3CDR (6 0.80 ppm) and trans-[Pt(N03)Me(PMe2Ph,21 and trans- 
[Pt(NOI)(CD,)(PMe,Ph),] _ After 1 day the only products were trans-[ Pt( NO,)- 
(CD3)(PMe2Ph),] and hnns-[Pt(NO,)Me(PMezPh),l in the ratio (2.1 2 0.1)/l, 
<as deduced by comparing the ratio of methylplatinum/methylphospl~orus signal 
peak heights with that for a pure sample of trans-[Pt(N03)Me(PMe,Phj,] [Z]. 

tram-lPtIH(PMe,)J with [AuMe(PMe,)]. trans.-[PtIH(PMe,),] (0.33 g, 0.70 
mmol) was dissolved in toluene (10 cm’) and cooled to -78°C. To this solution 
was added [AuMe(PMe8)] (0.2 g, 0.70 mmol) in toluene (5 cm”). On allowing 
the mixture to warm to room temperature, the solution became darker until it 
was an intense red colour. The toluene was evaporated and the residue crystal- 
lised from dichloromethane/petroleum ether to give first tram-[ PtIMe( PMe3),] 

(0.25 g), m.p. 157-158” C (lit. [16], 158-16O”C), and then an oily red precip- 
itate which could not be induced to crystallise. An attempt was made to purify 
the product by vacuum sublimation, but decomposition to gold occurred and 
only a trace of trans-[Pt12(PMe&] sublimed. 
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