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The reversible fission of the chloro-bridged com- 
plex [Pt&l~PPr~)2] by carbon monoxide, ethylene, 
phenylacetylene, methanol, water, tetrahydrofuran, 
phenol, acetone, cyclopentanone, benzophenone, 
acetaldehyde, benzaldehyde, acrolein, chloral, chloral 
hydrate, and methyl acetate is investigated by low 
temperature 31P n.m.r. spectroscopy. 

Introduction 

Halo-bridged complexes of the type [M2X4LZ] (I) 
M = Pd or Pt; X = Cl, Br or I; L = PR3, AsR3, SRa, 
Cl- etc. are well known and much used in platinum 
and palladium chemistry [l-3]. One useful function 
is in the synthesis of mononuclear complexes of the 
type [MXaLQ] by the so-called bridge splitting 
reaction. 

L \M/x\,/x 
. 2Q z== [MX,LQ] (1) 

x’ ‘x’ ‘L 

1 

With Q = amine the product is invariably of trans- 
configuration [4] but with Q = CO or olefln only 
ciscomplexes, cis-[PtXzLQ] have been isolated 
[S, 61. Halo-bridged complexes, [MzXqLz] , have 
also been used as starting materials for the synthesis 
of various carbene-metal complexes [7-91. 

In phosphine complexes [M,X4(PR3)2] Z the 
greatly differing trans-influences of the tertiary phos- 
phine- and the halo-ligands causes the bridging sys- 
tem (MXaM) to be asymmetric. Thus with [Pt&L,- 
(PPrt)2] the Pt-Cl bond lengths are 242.5 pm (trans 
to phosphorus), 23 1.5 pm (bridging and trans to 
chlorine) and 227.9 pm (terminal) [IO]. Because of 
the much greater transeffect of tertiary phosphine 
over halide one would expect substitution (bridge 
splitting) in the trans-position to phosphorus to occur 
much more rapidly than trans to halide. Using 31P 
and ‘H n.m.r. spectroscopy we have shown that 
molecules (Q) such as ally1 alcohol, vinyl acetate, 
ally1 acetate, etc. do indeed cause rapid bridge fission 

even at -90 “C to give trans-[MX,(PR,)Q] and that 
in the bridge splitting reaction (1) the lower the 
temperature the more the R.H.S. is favoured [ll, 
121. Thus in a typical experiment with Q = ally1 
alcohol conversion to trans-[PtC12(PPr?j)(CH2= 
CHCHaOH)] was almost complete at -90 “C with 
the ally1 alcohol ligand being bonded either through 
the double bond (major product) or the hydroxyl 
oxygen (minor product), whereas at 0 “C reversion 
back to the bridged complex [Pt&l@Pr!&] was 
almost complete. Formation of bridge-split com- 
plexes of the type cis-[MXsLQ] occurs only slowly 
(hours or days) and reversibly even at ambient 
temperature. 

The observation that ally1 alcohol and methanol 
can give O-bonded complexes with platinum(I1) at 
low temperatures [l l] prompted us to study bridge- 
splitting equilibria of type (1) with a variety of 
oxygen-donor and other ligands. The choice of a 
phosphine complex, [Pt,Cl,@Pr$] , enabled the 
reactions to be conveniently followed by 31P n.m.r. 
and the presence of the r9Vt nucleus is of great assis- 
tance in identifying the species present in solution. 

Experimental 

[PtaCl,(PPr!&] was prepared by the method of 
ref. [ 131 using odichlorobenzene as solvent, and 
purified by successive recrystallisations from hot 
methanol, benzene, and acetone. Aldehydes, ketones, 
and tetrahdrofuran were freshly distilled before use, 
if necessary after preliminary drying. 

31P n.m.r. spectra were recorded on aJEOLFXlO0 
n.m.r. spectrometer with broadband proton decoupl- 
ing. A 2D lock was provided either by the solvent 
in the case of CDCla or by a capllliary containing 
(CD3)aCO within the n.m.r. tube. Ratios of trans- 
[PtCl,(PPr:)Q] to [Pt2C1,(PPr’j)2] were measured 
by integration and in most cases the digital resolution 
was 0.61 Hz/channel. Care was taken in choosing 
pulse widths and repetition times to ensure that dif- 
ferent spin-lattice relaxation times for the two 
species did not affect the integral; ca. 43’ pulses 
at 1.68 s intervals were found to be satisfactory. 
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TABLE I. 31P N.M.R. Parameters of frans-[PtClzQ(PP&] Formed in situ. 
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Ligand (Q) Condition? T/K lJ@YP) Fraction of [Pt~Cl4(PPr&] 
converted to [ PtClz (PPr$Q] 
for 1 mol Q per Pt atom 

co Saturated in CDCl3 243 5.1 3410 

c2 h Saturated in CDCl, 243 5.1 3408 

PhC==H l.lMin CDClaC 213 6.1 3589 0.004 

CH30H Neat 243 -4.0 3976 0.3 

CH30H 25% v/v in CDCl3 243 -4.3 3921 

THF Neat 243 -2.4 4086 0.03 

(CH3 h CO Neat 243 -4.8 4012 0.01 

(CH3)2CO 25% v/v in CDC13 243 -4.7 3982 

0 =O Neat 243 -4.6 4010 0.02 

O=o 25% v/v in CDCls 243 -4.9 3968 

Ph2C0 1.6Min CDC13d 243 -3.9 e <O.OOl 
CH3CH0 Neat 243 -2.7 4002 -10-3 f 

PhCHO Neat 243 -2.0 3984 0.002 
CH2=CHCH0 5M in CDC13 213 -1.8 3934 -10-3 f 

CC13CHOg 60% v/v in CDCl3 213 4.1 2803 -1o-4 
CC13CH(OH)2 g Saturated in CDC13 223 18.4 3143 -14-J-3 f 

‘Total platinum concentration was 0.05 M except for ‘0.1 Mand d0.07 M. bin p.p.m. to high frequency of H3P04. e 19’Pt 
satellites not visible. fNot known accurately owing to precipitation of [Pt2Cl4(PPr; h 1. gNature of species formed unknown 
(see text). 

Results and Discussion 

Table I lists 31P n.m.r. data for those cases where 
the spectra indicated that some reaction had taken 
place. In all cases the products showed simple 1:4: 1 
triplets in the 31P n.m.r. spectr a and there was no 
indication of the formation of bridged species (a 
dimeric platinum complex would be expected to 
show long-range 

195Pt-195Pt 
31P-195Pt coupling and, S/N permit- 

ting, coupling) [ 141. A general pheno- 
menon was the broadening of the spectral lines above 
cu. 260 K owing to exchange with [Pt2C14(PPr:),]. 
Lowering the temperature always increased the 
proportion of product in equilibrium with the 
bridged complex but in some cases this caused 
precipitation of [Pt,Cl,(PPr!$,] from the solution. 
Where possible we have chosen, somewhat arbitrarily, 
a temperature of 243 K at which to present data but 
in some of the less favourable cases we had to deviate 
from this temperature in order to obtain the best 
compromise between the position of equilibrium and 
solubility of the bridged complex. 

On the basis of the position of equilibrium in 
equation (2), carbon monoxide and ethylene are 

[Pt,Cl,(PPr:), ] + 2Q * 

2 trans- [PtC12 (PPrT)Q] (2) 

much the strongest ligands, being the only ones for 
which the equilibrium lies well to the right. Indeed, 
in both cases isomerisation slowly occurred to give 
isolable &-complexes previously reported [6]. 
In keeping with this, the values of ‘J(PtP) for truns- 
[PtC12(PPrf)2Q], Q = CO or C2H4, are substantially 
lower than for [Pt,Cl,(PPlj),] (3765 Hz in CDC13 
at 243 K) indicating that these two ligands have a 
higher trans-influence than bridging chloride. Phenyl- 
acetylene is evidently a much less effective ligand, 
and no corresponding &complex was observed in 
the spectra. 

The oxygendonor ligands differ from the three 
discussed above in having very high values of ‘J(PtP) 
(3927-4086 Hz) and much lower values of 8~. In 
all cases the equilibrium lies to the left, with 
methanol by far the strongest ligand (except for 
water, see below). A phenomenon which puzzled us 
at first was the observation of two species in addition 
to [Pt2C14(PPr;),] in the 31P n.m.r. spectrum when 
the ligand was acetone, cyclopentanone, acet- 
aldehyde, benzaldehyde, acrolein or tetrahydrofuran. 
The possibility of an enol-form being present in the 
case of the C=O derivatives is discounted since 
benzaldehyde showed two species. However, we 
found that drying the solvent (ligand) reduced the 
proportion of the species at lower 8p while addition 
of water greatly increased it. A methanol solution 
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TABLE II. 31P N.M.R. Parameters of Trans-[PtClz(HzO)- 
(PPrt)] in Various Media. 

interactions are probably less strong than with H20, 
‘J PtP) values span a range of 84 Hz in different ( 
solvents [IS] . 

Medium T/K ‘J(I’tP) 

CH30H 

THF 

(CH3)2CO 

25% (CH3)2CO 

in CDC13 (v/v) 

0 =o . 

0 =o 

25% in CDCl3 243 -5.1 3986 

CH3CH0 243 -5.0 4006 
PhCHO 243 -4.3 3997 

5 M CHz=CHCHO in CDC13 213 -4.9 3946 

CH3COOCH3 243 -5.4 4043 

243 -6.3 3926 

243 -6.2 4044 
243 -5.1 4020 

243 -5.7 3992 

243 -5.4 4031 

‘In p.p.m. to high frequency of H3P04. 

of [Pt2Cl,(PPrt)2J showed initially only one product, 
presumably Runs-[PtC12(PPr’j)(MeOH)] , but addi- 
tion of water gave a second species at lower 
frequency. These observations suggested that the 
species with lower 6p was an aquo complex, trans- 
[PtC12(PPri)(H20)J . An alternative explanation for 
the aldehydes and ketones was that the second 
species contaidbd a coordinated hemiacetal formed 
by attack of OH at carbon, but this was eliminated 
by the observation that mixtures of acetone and 
cyclopentanone, and cyclopentanone and methanol 
(with water added where necessary) gave only three 
species. Addition of water alone to a CDC13 solution 
of [Pt,Cl,(PPr:),J gave no aquo complex in the 
31P n.m r spectrum, no doubt owing to the low solu- . . 
bility of water in this medium, but the position of 
equilibrium in equation (2) for Q = H20 was deter- 
mined by adding known amounts of water to metha- 
nol and acetone solutions of [Pt2C14(PPr!$;),J and 
evaluating the ratio [PtC12(PPr;)(H20)] : [PtC12- 
(PPr;)QJ (Q = MeOH or Me,CO). This showed that 
approximately half the amount of [Pt2C14(PPr~)2] 
is converted to the aquo complex for 1 mol Hz0 
per platinum atom, i.e. water is a somewhat better 
ligand than methanol (see Table I). 

Table II gives 3’P n.m.r. data for the aquo species 
in different media. It can be seen that although there 
is not much variation in the 31P chemical shift, the 
values of ‘J(PtP) span a wide range. This is not 
unreasonable since the values of ‘J(PtP) for the 
species rrans-[PtC12(PPrt)QJ, Q = CHsOH, (CH3)2- 
CO or cyclopentanone, are also medium-dependent 
(see Table I), and the coordinated water molecule 
might be expected to interact strongly with these 
polar solvents. Even for tran~-[PtCl~(PBu9~], which 
has no dipole moment and in which solvent-ligand 

For the ketones and aldehydes, the amount of 
pans-[Pt&(PPr’;)QJ present at equilibrium decreases 
in the order cyclopentanone > acetone >> acet- 
aldehyde, benzaldehyde >> benzophenone. This 
order might be anticipated since electron-withdrawing 
substituents should decrease the availability of the 
oxygen lone pairs. We also attempted to evaluate the 
coordinating ability of esters by treating [Pt,Cl,- 
(PPr?),] with methyl acetate, both neat and as a 
mixture with CDC13. Unfortunately the bridged com- 
plex was so insoluble in these media (and also in ethyl 
acetate) at low temperatures that the experiment 
was rather unsatisfactory. We observed lines due to 
[Pt2C1&‘PI;),J and trans-[PtC12(PPr!$(H20)] * in 
the ‘lP spectra; another peak at -3.4 p.p.m. (in neat 
methyl acetate at 243 K) was observed and is presu- 
mably due to trans-[PtC12(PPrl;)(CH3COOCH3)J 
but the concentration of this species was too low for 
“‘Pt satellites to be detected. We also investigated 
the reaction of [Pt,Cl,@P&J with phenol in 
CDC13. No 31P features were observed apart from 
those of the bridged complex, from which we can 
estimate the fraction of [PtC12(PPr;)(PhOH)J gene- 
rated per mol phenol at 243 K as <l O-‘. 

The molecule CH?=CHCHO (acrolein) has two 
possible coordination sites. The n.m.r. parameters 
of the bridge-split product trans-[PtC12(PPr;)(CH2= 
CHCHO)] and their similarity to those of the aquo 
species which was also observed (Tables I and II) 
strongly suggests that the molecule preferentially 
coordinates via oxygen. However there was also a 
weak peak at 10.5 p.p.m. which probably relates 
to the n-bonded form; unfortunately we could not 
detect its 195Pt satellites (the solubility of [Pt,Cl,- 
(PPr:),] is rather low in this medium). 

Finally, two of the results in Table I seemed 
anomalous. The value of ’ J(PtP) for the product with 
chloral, CC13CH0, is abnormally low and suggests 
a ligand of fairly high trans-influence trans to the 
phosphine. We think it most unlikely that this species 
is trans-[PtCl,(PPr’j)(CCl,CHO)J and suggest that 
some other reaction has taken place, e.g. an oxidative 
addition {a Pt(IV) complex would also give a low 
value of ’ J(PtP)}. We also found two other peaks in 
the 31P n.m.r. spectrum, one at 5.8 p.p.m. having 
about a third of the intensity of the main product, 
and another very weak line at 14.0 p.p.m. (in neither 
case were 19’Pt satellites identified). The same applies 
to the product with chloral hydrate, CC13CH(OH)2, 
where the value of ‘J(PtP) is somewhat lower than 
in the other O-bonded complexes and the value of 
fip is abnormally high. A weak peak at 14.0 p.p.m. 
was observed in this spectrum also. 

*In a previous paper [ 121 we wrongly identified this 
species as truns-[PtCl 2 (PP&(CH3C!OOCH3)]. 
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Stable complexes containing neutral oxygen donor 
ligands are rare in platinum chemistry. The few such 
complexes which have been isolated are mostly 
cationic, e.g. trans-[Pt(CH3)(acetone)(PMe$h)z] - 
Gp] [16], trans-[PtH(acetone)(PMeZPh)z] [PF,] 

trans- [PtH(CH,OH)(PCy )2] [ 181, and 
[Pt ;~FsC)CHC(CFs)=C(CH,)CH,bCHs )(PEt&] - 
[PF,] [19]. Aquo species are particularly rare and 
are generally present only as equilibrium components 
of mixtures in aqueous solution, e.g. [PtCla(H,O)]- 
which has been detected in aqueous Kz[PtC14] both 
spectrophotometrically [20] and by 195Pt n.m.r. 
[21]. As methanol was the strongest ligand (apart 
from water) of those oxygen donors which we inves- 
tigated, we attempted the isolation of trans.[PtC12- 
(PPr:)(CH,OH)] by evaporating a methanol solu- 
tion of [Pt&l,(PP$),] at -78 “C under vacuum. 
The resulting yellow plates were much paler than the 
bridged starting material, but they did not analyse 
particularly well (probably the complex slowly loses 
methanol) and have not been further characterised. 

Acknowledgements 

We thank Johnson Matthey Ltd. for the generous 
loan of platinum salts, and the S.R.C. for support. 

References 

1 J. Chatt,J. Chem. Sot., 652 (1951). 
2 ‘Transition Metal Complexes of Phosphorus, Arsenic and 

Antimony Ligands’, ed. C. A. McAuJiffe, MacMillan, 
London and Basingstoke (1973). 

3 ‘Phosuhine. Amine. and Stibine Complexes of the Transi- 
tion -Elements’, ed. C. A. McAuliffe and W. Levason, 
Elsevier. Amsterdam. Oxford and New York (1979). 

4 J. Chatt and L. M. Venanzi, J. Chem. Sot., 4456 (1955). 
5 J. Chatt, N. P. Johnson and B. L. Shaw, J. Chem. Sot., 

1662 (1964). 
6 J. Ashley-Smith, I. Donek, B. F. G. Johnson and J. 

Lewis.J. Chem. Sot. Dalton, 1776 (1972). 
7 E. M.‘Badley, J. Chatt and R. L. Richards, J. Chem. SOC. 

A, 21 (1971). 
8 D. J. Cardin, B. Cetinkaya, E. Cetinkaya and M. F. 

Lappert,J. Chem. Sot. Dalton, 514 (1973). 

9 G. K. Anderson, R. J. Cross, L. Manojlovic-Muir, K. W. 
Muir and R. A. Wales,J. Chem. Sot. Dalton, 684 (1979). 

10 M. Black, R. H. B. Mias and P. G. Owston, Acta Cryst., 
B.25, 1760 (1969). 

11 J. R. Brings, C. Cracker and B. L. Shaw, J. Chem. Sot. 
Dalton, in press. 

12 J. R. Briggs, C. Cracker and B. L. Shaw, J. Organometal. 
Chem., in press. 

13 R. J. Goodfellow and L. M. Venanzi, J. Chem. Sot., 
7533 (1965). 

14 N. M. Boag, J. Browning, C. Cracker, P. L. Goggin, R. J. 
Goodfellow, M. Murray and J. L. Spencer, J. Chem. 
Research, (S) 228, (M) 2962 (1978). 

15 K. R. Dixon, M. FakJey and A. Pidcock, Can. J. Chem., 
54, 2733 (1976). 

16 M. H. Chisholm and H. C. Clark, J. Am. Chem. Sot., 
94, 1532 (1972). 

17 H. C. Clark and C. R. Jablonski, Inorg. Chem., 13, 2213 
(1974). 

18 T. G. Attig and H. C. Clark, Canad. J. Chem., 53, 3466 
(1975). 

19 H. C. Clark, S. S. McBride, N. C. Payne and C. S. 
Wong, J. Organometal. Chem., 178, 393 (1979). 

20 L. Drougge, L. I. Elding and L. Gustafson, Acta 
Chem. Stand., 21, 1647 (1967). 

21 W. Freeman, P. S. Pregosin, S. N. Sze and L. M. 
Venanzi, J. Magn. Resonance, 22,473 (1976). 


