
543 

Journal of Organometallic Chemisty, 341 (1988) 543-548 

Elsetier Sequoia S.A., Lausanne - Printed in The Netherlands 

Synthesis of [Pt( C=CHJ 2( dppm-P) 2 ] (dppm = Ph 2 PCH 2 PPh 2) 
and formation of heterobimetallic complexes of platinum 
with silver, gold, rhodium, iridium, and tungsten * 

Stuart W. Carr, Paul G. Pringle, and Bernard L. Shaw* 

School of Chemistry, University of Lee& Leeds, LS2 9JT (Great Britain) 

(Received October 26th, 1987) 

Abstract 

Treatment of [PtCl,(dppm-PP’)] (dppm = Ph,PCH,PPh,) with NaC=CH and 
dppm in liquid ammonia gave [Pt(CSH),(dppm-P)2] (1). This complex is flux- 
ional at 20°C due to rapid ‘end over end’ motion of the dppm ligands. Treatment 
of 1 with various metal complexes gave heterobimetallics, usually in good yield. 
Thus with [Ag,Cl,(PPh,),] it gave [(HC-C),Pt(p-dppm),AgCl]; with 
[AuCl(PPh,)], [(HCk-C),Pt(p-dppm),Au]Cl; with [Rh,Cl,(CO),], [(HCkC),Pt(p- 
dppm),Rh(CO)]Cl; with [IrCl(CO)(PPh,),], [(HCkC),Pt(p-dppm),IrCl(CO)]; and 
with [W(CO),(NCMe),], it gave [(HGC),Pt(p-dppm>,W(CO),I. IR, ‘iP{lH} NMR 
and ‘H NMR data are given. 

Introduction 

We have previously reported the preparation of complexes of the type 
[Pt(CkCR),(dppm-P),] (dppm = Ph,PCH,PPh,; R = Me, Ph, 4-MeC,H,, etc.) 
and have shown that these complexes readily form heterobimetallic complexes with 
a number of metals [l]. It was of interest to see if we could prepare related 
complexes from ethyne itself, viz. with R = H. In this paper we report the results of 
these investigations. 

Results and discussion 

For convenience, the various syntheses and transformations are summarized in 
Scheme 1. Treatment of [PtCl,(dppm-PP’] with NaGCH and an excess of dppm 
in liquid ammonia gave [Pt(C-CH),(dppm-P),] (1) as pale yellow needles, in 66% 

* Dedicated to Professor Colin Eabom on the occasion of his 65th birthday. 
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Table 1 

Analytical (S) and IR (cm-‘) data for complexes l-6 

Complex 

1 

2.C,H, 

3 

Infrared a 

v(M) 

1975 

1978 

1978 

v(C-H) 

3295 

3275 

3275 

v(CO) 

Analyses (Found (calcd.) (%)) b 

C H Cl 

63.8 4.5 
(63.9) (4.5) 
58.3 4.2 2.9 

(58.3) (4.2) (2.9) 
51.9 3.8 3.1 

(52.0) (3.7) (2.8) 
4 1980 3242 1985 55.9 4.0 2.8 

(55.9) (3.9) (3.0) 
1913 3277 

5 1960 3280 2041 52.3 3.6 2.8 
(52.0) (3.6) (2.8) 

6.0.5CsH, 1983 3219 1947 54.3 3.9 
(54.5) (3.7) 

3275 1848 
1821 

y Recorded as Nujol mulls. b The presence of solvent of crystallization was confirmed by ‘H NMR 
spectroscopy. 

yield (see Experimental for details, and Tables 1 and 2 for analytical and spectro- 
scopic data). Complex 1 showed an IR absorbtion at 1975 cm-’ (Nujol mull) due to 
Y(C=C). The { 31P ‘H} NMR spectrum showed it to be fluxional; at 20” C, there 
were two broad resonances (w,,~ - 80 Hz) at 8.9 and -25.9 ppm. However, at 
- 50°C, the 31P{1H} NMR pattern corresponded to the static structure 1 and the 
value of ‘J(PtP) (2539 Hz) was consistent with a trans-arrangement of phosphines 
[2]; the chemical shift of the uncoordinated phosphorus atom (- 27.7 ppm) is very 
close to thaiof free dwm. This fluxionality is due to ‘end over end’ exchange viz. 
PtPPh,CH,PPh, * PtPPh,CHzPPh,; we have observed a similar fluxionality with 
other complexes of the type [Pt(C%CR),(dppm-P),] [3]. We have also prepared 1 

(but in low (4%) yield) by treating [PtCl,(dppm-P),] with LiCXZH, formed from 
LiBu” and ethyne in tetrahydrofuran; the main platinum-containing product was 
[Pt(Ph,PCHPPh,)2], obtained in 40% yield [4]. 

We have previously shown that complexes of the type [Pt(C=CR),(dppm-P),] 
(R = alkyl or aryl) could be used for the systematic synthesis of a variety of 
heterobimetallic complexes containing a Pt(p-dppm),M moiety, where M is a 
variety of other metals [l]. It was of interest to see if one could make similar 
complexes from [Pt(C%CH),(dppm-P),], since the ethynyl hydrogen in 1 might be 
displaced, and other reactions could occur. 

Treatment of 1 with [Ag,Cl,(PPh,),] gave [(HC=C),Pt(p-dppm),AgCl] (2) in 
84% yield (characterizing data are in the Tables). Similar treatment of 1 with 
[Au(PPh,)Cl] gave the platinum-gold complex [(HC=C),Pt(p-dppm),Au]Cl (3). In 
contrast, treatment of 1 with HgCl 2 gave [(HCXZ) 2 Pt( I*-dppm) 2 HgC12] initially 
(3’P{‘H} NMR evidence), but this decomposed rapidly in solution to give a large 
number of products (again based on 31P ‘H} NMR evidence), none of which was { 
characterized: possibly mercuration of the acidic ethynyl hydrogens occurred. We 
have previously reported that complexes of the type [Pt(C%ZR),(dppm-P),] reacted 



546 



with HgCl, to give heterobimetallics of the types [(HC%C),Pt(p-dppm)2HgCl,], 
(R = alkyl or aryl) and that these were quite stable [3]. 

Treatment of [Pt(C=CH),(dppm-P),] with [Rh,Cl,(CO),] in benzene gave 
[(HC%C),Pt(~-dppm)2Rh(CO)]Cl (4) as pale yellow microcrystals. This same com- 
plex 4 was also made by treating [(HC=C),Pt(p-dppm),AgCl] with [Rh,C12(CO),], 
i.e. by transmetallation. The 31P{1H} NMR spectrum of 4 gave the expected 
AA’XX’M pattern with satellites due to further splitting by platinum-195; an 
electrical conductance measurement in nitrobenzene showed it to be a l/l electro- 
lyte, and the infrared spectrum had two bands in the v(C=-C) and two bands in the 
Y(C-H) (ethynyl) region (Table 1). The analogous complex [(MeC=C),Pt(p- 
dppm),Rh(CO)][PF,] has been shown by X-ray crystallography to have one acetylide 
ligand u-bonded to the platinum and weakly interacting with the rhodium in a 
side-on or m-bonded fashion; the other acetylide is terminally bound to the 
platinum [5]. It thus seems likely that a similar interaction of one of the ethynyl 
groups with the rhodium is occurring in 4, although we could not detect any 
rhodium coupling to the ethynyl hydrogen in the ‘H{31P} NMR spectrum. 

The analogous platinum-iridium complex 5 was prepared by treating truns- 

[IrCl(CO)(PPh,),] with [Pt(C%CH),(dppm-P),] in boiling benzene. The microana- 
lytical and spectroscopic data are consistent with the formulation 5, completely 
analogous to our previously described complexes of type [(RC=C),Pt( p- 
dppm),Ir(CO)Cl] (R = alkyl or aryl) [l]. 

Treatment of [Pt(C%CH),(dppm-P)z] with [W(CO),(NCMe),] gave [(HC%C),- 
Pt(p-dppm),W(CO),] (6) as brown microprisms, in low yield; further details are in 
the Experimental and characterizing data are in the Tables. Of note are the two 
ethynyl IR bands at 3219 and 3275 cm-‘, which we assign to bridging and terminal 
C&H groups, respectively. Only one v(C=C) band, at 1983 cm-‘, was visible; we 
assign this to the terminal C%C and presume that the bridging v(C=C) band is 
buried beneath the intense carbonyl bands. An X-ray crystal structure of the related 
complex [(4-MeC,H,C=C),Pt(p-dppm),W(CO),1 showed that the bridging RCS 
group was d-bonded to both metals in an approximately symmetrical fashion [6]; 
presumably the same happens in complex 6, which we described here. 

Experimental 

The general methods used were as described in recent papers from this laboratory 

171. 
[Pt(C-CH),(dppm-P),] (I). [PtCl,(dppm-PP’)] (3.60 g, 5.53 mmol) was added 

to a solution of NaCSH, prepared by bubbling ethyne into a solution of NaNH,, 
made from sodium (1.35 g, 0.059 mol), in liquid ammonia (100 cm3) at - 78” C. 
After 5 min, a solution of dppm (3.0 g, 7.8 mmol) in toluene (45 cm3) was added. 
The resultant mixture was then stirred at - 78” C for 1 h, and then at - 33” C for 2 
h. Ammonium bromide (1.5 g, 15.3 mmol) was then added, with vigorous stirring, to 
neutralize the excess of NaC+CH. The ammonia was then allowed to boil off, and 
the resultant residue was extracted with benzene (3 x 100 cm3) to give a yellow 
solution. The required product was isolated from the benzene layer by evaporation 
and was purified by recrystallization from benzene/light petroleum (b.p. 60-80 o C). 
It formed pale yellow needles. Yield 3.7 g, 66%. 



((HC-C)2Pt(p-dppm), AgCl,l 12). A solution of [Ag4Cl,( PPh ?),g] (2) (0.030 g, 
0.018 mmol) in dichloromethane (4 cm’) w-as added tcl a wlution of 
[Pt(C=CH),(dppm-P)z] (0.1.00 g. 0.099 mmol) in benzene (5 cm’). anti the mixture 
uas then stirred for 1 11. T’he resultant solution was the11 evaporated to 2 cm’. tt.1 give 
the required product as a \s,hite microcrystalline solid. whii.11 st3s wlleited. ~~~;~shxl 

with diethyl ether and dried. Yield 0.096 g, 84%. 
/(HC-C), Pt(/l-dppm),A~*JC/ (3). i4 solution of [AuC’I(PPh,)] (0.024 g. 0.04Q 

mmol) in dichloromethane (2 cm’) was added to a solution c.>,f [I’~(C’~II-C‘lI),(dppm- 
P)J (0.050 g. 0.049 mmolj in dichlorornethane (1 cm7 ). Tiic: ~c~l\Ynl \\a> then 

evaporated under reduced pressure. and the residue triturated u ith dirthy-! ether to 

give the required product as pale yellow microcryst&. Yield ii.055 pi X9’;. 
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