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Adducts of Co-ordination Compounds. Part XI2 Isomerism and Solv- 
ation of Dichlorobis(triphenylphosphine) platinum( 11) 

By R. D. Gillard, Department of Chemistry, University College, Cardiff CFI 1XL 
M. F. Pilbrow, lnstitut fur Anorganische Chemie, Universitat Erlangen/Nurnberg, 8520 Erlangen, West 

The complex cis- [Pt(PPh,),CI2] forms distinct adducts with chloroform and NN-dimethylformamide. The 
existence of these adducts, for which X-ray powder results are given, accounts for several discrepancies in the 
literature. In particular, the product (recrystallised from chloroform-hexane) of reaction of carbon tetrachloride 
with tetrakis(triphenylphosphine)platinum(O), previously incorrectly formulated as [Pt( PPh,),(CCI,)CI], is in fact 
a partly desolvated sample of the chloroform adduct of the cis-dichloro-complex. In solution, cis-trans-isomeris- 
ation is easily set up providing access to the trans-isomer. Two further methods, which give much better yields 

Germany 

of the trans-isomer, are described. 

COMPLEXES of the type [ML,X,] (&I = Pd or Pt; L = 
phosphine or arsine; X = C1, Br,'or I) are well known., 
[Pt(PPh,),Cl,], first made by Jensen, is among the 
best known. However, its reported properties (such as 
solubility and m.p.) are distinctly variable, e.g. quoted 
m.p.s range from 287 to 312 "C. Further, until recently, 
only one isomer (white cis 7 )  was known. This isomer 
has been obtained in a number of ways, which divide into 
two general classes : ( a )  substitution at  platinum(I1) and 
(b )  oxidative addition to platinum(0). Under ( a ) ,  routes 
include : (i) Jensen's original method (reaction in an 
aqueous medium of K,[PtCl,] and the phosphine) , 
developments including heating and boiling; lo (ii) in- 
teraction of the sainc reactants under reflux in xylcne; l1 

(iii) reaction of platinum(I1) chloride in molten triphenyl- 
phosphine; l2 and (iv) substitution by phosphine of 
sulphur ligands (L) in [PtL,Cl,] and the presumably 
related formation r3 on adding phosphine to a hot N N -  
dirnethylformamide-xylene solution of liexacliloro- 
platinic(1v) acid. Uiicler the heading ( b ) ,  (i) numerous 
halogenated reactants (e.g.8 C,Cl,, cis- or tvn9zs-C2H,C1,, 
C,CI,, CHCI,, and HCl 14) have been employed to give cis- 
[Pt (PPh3),C1,j from jPt (PPh,),] ; (ii) presumably related 
is the reaction l5 of -q-allylplatinum(II) species with di- 
hydrogen in chloroform. The usual solvents for re- 
crystallisation 1ial.c been chloroform and dichloro- 
met 11 ane. 

The yellow tvans-isomer has been obtained recently- in 
several ways, e.g. (i) by interaction of tmns-[Pt (PPh,),- 
(H)Cl] with HgCl, 9n or of [Pt(PPh,),(SnPh,)C11 with 

t The assignment of the cis-configuration to Jensen's compound 
(licfi-istry No. 15604-36-1) rests on chemical evidence antl the 
l't-C1 vibrations [v/cm-l] : 321 and 295;5 317 and 293;6 316 and 
293 with Raman bancis at 323 and 299;' and 316 and 291 s .  
Statements (e.g. in ref. 9a)  that  Jensen found3 a high dipole 
moment are erroncous; he was unable to measure it. 
1 The complexcs [Pt(PPh,), or 4] have already been said IY to 

react with CC1, giving cis-[Pt(PYh,),CI,], although the reference 
given for the statement is not correct. 

Part  X, A. M'. Addison and R. D. Gillard, . / .C.S.  Dalton, 
1973, 2009. Part  lX,  A. M'. Addison and R. D. Gillard, J .C.S .  
Dalton, 1973, 2002 gives an extensive list of halogenocarbon 
adducts of co-ordination compounds, including many with 
triaryl-phosphine and -arsine as ligands. 

G. Booth, Adv. [norg. Chcwz. Radiochem., 1964, 6, 1. 
K.  A. Jensen, Z.  alzovg. Chenz., 1936, 229, 236. 
A. A. Grinberg and 2. A. Razimora, Z h w .  paklad .  I<liiw., 

J. Chatt and €3. T. Heaton, J .  Chem. Soc. ( A ) ,  1968, 2745. 
U. C. Goodall, j. Chem. Soc. ( A ) ,  1968, 887. 
1'. Haake and S. H. Masten, Chrm. Comnz., 1970, 202;  J .  

1054, 27, 105 (ChenL. Abs . ,  1953, 48, 6308a). 

,4n?er. Chew. Soc., 1971, 93, 6823. 

HCl 9b and (ii) by photochemical isomerisation 7 in 
chloroform of the cis-isomer. Its properties are agreed : 
m.p. 306-309,7 307-310,9 300 "C; l6 v(Pt-C1) at 344 
and 345 cm-l; dipole moment N 0; its electronic 
spectrum l6 differs quantitatively from that of the cis- 
isomer. 

In syntheses of trans- jPt (PPh,),(H)Cl] l7 from various 
samples of cis-[Pt (PPh,),Cl,] we observed that the crude 
product of Jensen's reaction reacts markedly more 
slowly with ethanolic hydrazine than do samples re- 
crystallised from chloroform. Since complexes contain- 
ing triaryl-pliosphines and -arsines are well known to be 
prone to polymorphism and solvation (as exemplified by 
tram-[Yt (PPh,),(H)Cl] itself, which has recently been 
shown l8 to exist in at least three unsolvated modific- 
ations in addition to yielding numerous adducts), it 
seemed possible that the variance in the properties of cis- 
[Pt(PPh,),Cl,] might be clue to similar phenomena. We 
have therefore made a detailed investigation of the pro- 
perties (including X-ray diffraction of powders) of 
samples of cis-rPt (PPh,),Cl,] prepared by different 
methods. This paper presents our results, which show 
the existence of distinct adducts of the complex with 
chloroform and A7K-dimethylformamide (dmf). The 
work has also led to the development of convenient 
preparations of the tvans-isomer. We further find that 
the product of the reaction of carbon tetrachloride with 
[Pt(PPh,),] is cis-[Pt(PPh,),Cl,] .I This product, re- 
crystallised 8 from chloroform-hexane, has been in- 
correctly formulated as [Pt(PPh,),(CCl,)CLl. It is in fact 

VC'. J .  Bland and K. L). W. Kemmitt, J .  Chew.  SOC. ( A ) ,  1968, 

( a )  ,4. D. Allen and hI. C .  Raird, C h m i .  a,zd Itzd., 1965, 139; 
1278. 

(b)  &I. C. Baird, J .  I+zorg. Aiuclea?, Chem., 1967, 29, 367. 
10 J .  C. Bailar and H. Itatani, Inovg. Chenz., 1965, 4, 1618. 
11 L. Malatesta and C. Cariello, J .  C2icm. Soc., 1958, 2323. 
1, ( a )  H. -4. Tayim, A. Bouldoukian, and F. Awad, J .  Inovg. 

Nucleav Chein., 1970, 32, 3799; (b)  A. Winzer and TS. Born, %. 
Chew., 1970, 10, 438. 

13 J. S .  Varshavsky, N. V. Iiiselera, T. G. Charltasorn, m d N .  A. 
Puzina, J .  0t.gaizonirtallac Chenz., 1971, 31, 119. 

l4 F. Cariati, N. Ugo, and F. Bonati, I n o ~ g .  Chew., 1966, 5, 
1128. 

15 H. C. Volger arid Ti. Vrieze, .J. Ovgauokkietallic CAciri., 1968, 
13, 495. 

16 I. Collamati and Al. Furlani, J .  Oygaizonietallic Chew., 1969, 
17, 457. 

l i  J.  Chatt and 13. I,. Shaw, J .  Chrwz. Soc., 1962, 5075. 
18 I. Collamati, 2. l;urlani, and G. Xttioli, J .  Chew. Soc. (-4), 

l9 R. Ugo, I;. Cariati, antl G. La Monica, Inovg. Spztli., 1068, 11, 
1970, 1694. 
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a partly desolvated sample of the chloroform adduct of Recrystallisation of any sample from dmf gave this 
&-[Pt(PPhJ2C12]. adduct, whereas recrystallisation of any sample from 

RESULTS All three forms had v(Pt-C1) at  293 and 315 crn-l, indicat- 
Adducts of cis-[Pt(PPh3),C1,].-Several recipes gave ing that the cis-geometry persists. The i.r. spectra of the 

samples of cis-[Pt(PPh,),Cl,] in the same unsolvated form. unsolvated cis- and trans-isomers, and of the adducts with 

dmf. 

CH,Cl, gave the unsolvated form. 
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1.r. spectra (Nujol mulls) of: (a)  cis-[Pt(PPh,),CI,] ; (b)  cis-[Pt(PPh,),Cl,],CHCl,; 
and (d) trans-[Pt(PI'h,),Cl,] 

(c)2 cis-[Pt(PPh,),CI,],dmf; 

These (as given in the Introduction section) are (a)  (i),, The i.r. 
(a) (ii),ll (a) (ii),l2 and (b) (i) (which uses * CC1, as a spectra of the adducts contained extra bands due to vibra- 
medium). Any sample recrystallised from CHC1, gave the tions of the solvent. Thus, cis-[Pt(PPh,),Cl,],CHCl, had 
chloroform adduct [Pt(PPh,),Cl,],CHCl,. Preparation (a) extra bands (in cm-l) a t  2 420w, 1 220ms, 760s, 670ms, 
(iv) (in dmf as medium 13) gave the adduct 2[Pt(PPh3),C1,],- 630vw, and 360wm which correspond to the strongest bands 

CHC1, and dmf are reproduced in the Figure. 
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in pure chloroform. The adduct 2 cis-[Pt(PPh,),Cl,],dmf 
had extra bands arising from solvating dmf a t  1670vs, 
1500vw, 1400w, 1255w, logos, 865vw, 660m, and 350s 
cm-l. Final confirmation of the presence of chloroform in 
the lattice of cis-[Pt(PPh,),Cl,],CHCl, was obtained by re- 
crystallising the unsolvated complex from deuteriochloro- 
form: the product had extra bands due to CDC1, a t  2 215m, 
910m, 750m, 640w, and 360wm cm-l. 

X-Ray powder photographs confirmed the i.r. evidence 
for the existence of three forms of the cis-isomer, as indicated 
by the d spacings and relative intensities of the powder lines 
given in Table 1. The powder lines for the trans-isomer are 
also given. Further, heating either adduct a t  180 "C for 7 h 
gave the unsolvated complex in both cases. This desolv- 
ation has already been noticed (at least implicitly) by Volger 
and Vrieze,l5 who used a vacuum at 100 "C to remove chloro- 
form from the precipitated cis-isomer ; we repeated this 

J.C.S. Dalton 
used (vacuum for 4 d), chloroform loss is slow. The re- 
ported analyses are quite consistent with the sample's 
being a partly (6304) desolvated chloroform adduct of 

The existence of a chloroform adduct of cis-[Pt(PPh3),C1,] 
explains the difference in solubilities of different samples. 
Thus, whenever the compound was dissolved in chloroform, 
the crystallised product redissolved more readily in CHCl, 
or CH,C1, (and also in ethanol-hydrazine) than material 
which had never been exposed to chloroform. A reasonable 
explanation of this dissolution behaviour is afforded by com- 
parison of the X-ray results for the unsolvated and solvated 
forms. From Table 1, assuming that the ht'll values of the 
first reflections in both powder patterns are of the same order 
of magnitude, the cell constants for the solvated species are 
much larger than those for the unsolvated material, i.e. 
breakdown of the crystal lattice of the adduct by soivent is 

cis-[Pt(PPh,),Cl,]. 

cis-[Pt (PPh,) 2Pt] 
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TABLE 1 
X-Ray powder results * 

cis-[Pt(PPh3),Cl,] ,CHC13 2 cis-[Pt(PPh,),Cl,],dmf 
d l A  I d l A  I 

13.00 s 
12-14 \v-m 
10.27 m 

9.41 m 
9-61 111- -s 

8-50 

7.76 
7.38 
7.25 
7-13 
6.71 
6-61 
6.03 
5.65 
5.0 1 
4.82 
4-75 

m 8.50 
8.11 

w-m 7.50 
m--s 7.38 
m-s 6-47 

W 5.68 
m 5.47 

w-m 5.10 
S 4.79 
W 4.67 
VW 4.50 
vw 4.35 
\v 4.31 

4.19 
4.11 

* Cu-Ka Radiation. 

9-82 s 

8-51 
7.76 
7.62 
6.71 
6.15 
5.09 
4.98 
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4.44 
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experiment and the volatile material evolved from complexes 
crystallised from chloroform was indeed chloroform (ix. 
spectrum). At 25 "C, loss of chloroform occurred only very 

The extra vibrations found here in the chloroform adduct 
of cis-[Pt(PPh,),Cl,] are remarkably similar to those ob- 
served by Bland and Kemmitt in the substance which they 
obtained by reaction of carbon tetrachloride with [Pt- 
(PPh3)Q] and subsequently recrystallised from chloroform- 
hexane. It was said to be a mixture of cis- and trans- 
[Pt(PPh,),(CCl,)Cl]. We repeated this experiment and 
found that the crude product obtained on mixing the reac- 
tants was the unsolvated form of cis-[Pt (PPh,) ,Cl,], as 
indicated by its i.r. spectrum and X-ray powder picture; 
recrystallisation from chloroform gave, as expected, the 
adduct. As can be seen from our i.r. results, this formul- 
ation is fully consistent with the i.r. data given previously * 
(extra bands relative to cis-[Pt(PPh,),Cl,] at 847, 664, and 
642 cm-l, with v(Pt-C1) at 316 and 291 cm-l). It is sur- 
prising that no special reference was made to the strongest 
chloroform peak at 1 220 cm-l, since i t  is listed in the experi- 
mental section. The analytical results reported 8 for this 
substance are equally consistent with our formulation : 
as we have noted above, under the conditions which were 

slowly. 

easier than in the case of the more closely packed unsolvated 
form . 

The above results also allow the discrepancies in reported 
m.p.s for cis-[Pt(PPh,),C1,] to be rationalised t to some 
degree. The ' normal ' n1.p. (310-312 "C) is that  of the 
unsolvated form. Variance from this value arose for initially 
solvated material. This lost chloroform as the temperature 
rose and underwent a phase transition, the exact rate of 
which was a property of the crystal chosen. Melting of 
solvated samples therefore refers to the complicated situ- 
ation of phase change accompanying state change. The 
reported range of m.p.s for cis-[Pt(PPh,),Cl,] recrystallised 
from chloroform is therefore not too surprising. 

cis-trans-Isomerisation.-It was known that (a)  in chloro- 
form isomerisation of yellow trans-[Pt(PPh,),Cl,] to its white 
cis-isomer is catalysed by triphenylphosphine ga and (b)  ir- 
radiation of a solution of the cis-isomer in chloroform gives a 
mixture of ca. 40% cis: 60% trans.7 As predicted from ( a )  
and (b)  we found that a solution of the cis-isomer in chloro- 

* An additional complication in the melting behaviour was 
indicated by differential thermal analyses : the onset of decom- 
position was in all samples a t  ca. 285 OC, although this was not 
usually observed in m.p. measurements. (In some samples, 
slight darkening occurred a t  this temperature.) Thus the 
material which actually melts is partly decomposed. 

http://dx.doi.org/10.1039/DT9740002320
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form when treated with triphenylphosphine became yellow 
as isomerisation proceeded. The electronic spectra of 
solutions a t  equilibrium gave K N 0.1 a t  25 "C. Electronic 

cis + PPh,+-trans + PPh, (1) 
absorptions for the pure cis- and trans-isomers are given in 
Table 2, together with those reported earlier by Collamati 
and Furlani.16 

TABLE 2 
Electronic spectra of isomers of [Pt(PPh,),Cl,] -- 

A/ 4 xi 4 
nm 1 mol-1 cm-1 nm 1 mol-1 cm-1 

c1s 330 560 328 535 
277 (sh) 8 980 275 (sh) 8 750 
269 (sh) 11 000 267 (sh) 10 100 
259 14 030 

tvans 320 (sh) 1 1 0 0  320 (sh) 1 6 0 0  
284 27 500 283 27 600 
262 1 5 5 0  260 1 660 

This work Ref. 16 

Preparation of trans-[R(PPh,),Cl,] .-Such catalysed 
isonierisations as the above were first used preparatively by 
Chatt and Wilkins.20 On concentration of the isomerised 
yellow solution, without removal of triphenylphosphine 
catalyst, the less-soluble cis-isomer crystallised pure (at least 
in chloroform, dichloromethane, * and benzene). The 
equilibrium could however be quenched by removal of the 
excess of phosphine, as in parallel cases,20 by addition of the 
dinier trans-[(Ph,P)C1Pt(p-Cl)2PtC1(PPh3)],21 and the cis- 
and trans-isomers separated by known methods (see 
Experimental section) to give a low yield of the trans- 
isomer. 

In some of our samples of cis-[Pt(PPh,),Cl,], made by 
methods ( a )  (2) and (iii) l2 the presence of small quantities 
of trans-isomer were indicated by a v(Pt-C1) band a t  345 
cm-l. This suggests either that  some isomerisation occurs 
in ethanol-water (although the solubility in this solvent was 
very low indeed) or that  both cis- and trans-isomers are 
formed in the reaction. Similarly, by careful working-up 
of the product of the fusion of triphenylphosphine with 
platinum(I1) chloride, we isolated up to 20% of pure trans- 
isomer. 

Since the quenching of the cis-trans-equilibrium occurs 
because of bridge fission, BPPh, + [ (Ph,P)ClPt(p-Cl) ,PtCl- 
(PPh,)] _t 2[Pt(PPh,),C12], the question arises : which 
isomer, cis or trans, is formed as product? The reaction of 
the trans-dimer with 9-toluidine gave a trans-monomer,21 
while with carbon monoxide the product was cis.22 We 
found that direct reaction between stoicheiometric quan- 
tities of PPh, and trans-[(Ph,P)ClPt(p-Cl),PtCl(PPh,)] in 
benzene gave tmns-[Pt(PPh,),Cl,] in lOOyo yield. 

DISCUSSIOK 

Complexes containing triaryl-phosphines and -arsines 
are distinctly prone to polymorphism and solvation. 
Presumably, because of the phenyl groups, a number of 
almost isoenergetic lattices exist distinguished only by 

* Although the trans-isomer dissolved only slowly in dichloro- 
methane, i t  is the cis-isomer which is obtained by crystallisation 
from the equilibrium solution. 

2o R. Chatt and R.  G. Wilkins, J .  Chem. SOC., 1951, 2532. 
21 A. C. Smithies, P. Schmidt, and M. Orchin, Inorg. Synth., 

1970, 12, 240. 

the detailed features of the intermolecular packing. 
Taking cis-[Pt(PPh,),IJ as an example, Malatesta and 
Cariello obtained l1 a red form from hot xylene but a 
yellow-orange form (m.p. 285 "C) from colder xylene. 
Haake and Masten crystallised the same complex from 
chloroform, obtaining a yellow powder (m.p. 303-304 "C) 
and, from the filtrate, orange prisms (m.p. 314-316 "C). 
These forms are presumably polymorphs or adducts. 
Similarly, as referred to in the Introduction, the 
remarkable trans-[Pt (PPh,),(H)Cl] exists l 8  in at least 
three unsolvated forms and also yields numerous adducts. 
The present work simply places cis-[Pt(PPh,),Cl,], al- 
ready known15 to give an adduct from its solution in 
sulphur dioxide, in this context. 

Such polymorphism or solvation may also be respon- 
sible for discrepant descriptions of other similar com- 
pounds. Recorded m.p.s for cis-[Pt(PPh,),Br,] have a 
wide range: (2) from8 [(Ph,P),Pt(C,Cl,)] + Br, in 
benzene-hexane, 294 "C (decomp.) ; (ii) from l1 

[Pt(PPh,),] + Br,, 300 "C (decomp.); and (iii) [Pt- 
(PPh,),] + CBrCl,, recrystallised from CH,Cl,-MeOH, 
308 "C (decomp.).8 Similarly, for [Pt(AsPh,),Cl,] ; (2) 

from l1 K,[PtCl,] + AsPh, heated under reflux in xylene, 
278 "C (this product was soluble in benzene and chloro- 
form); (ii) from 12a PtC1, + molten AsPh,, 292 "C; and 
(iii) when Jensen first made this complex he described 
a benzene-insoluble unsolvated cis-complex (decomp. 
ca. 300 "C), which on boiling with chloroform gave 
chloroform-containing crystals (soluble in benzene) said 
to contain the trans-isomer (decomp. ca. 300 "C). The 
vibrational spectrum of the cis-isomer only has been 
reported 23 [v(Pt-C1) at 320 and 292 cm-l]. 

Clearly, a full account of the properties of these com- 
plexes [ML,X,] requires that the possibility of solvation 
and/or polymorphism be considered. Since the i.r. 
spectra are basically that of co-ordinated triphenyl- 
phosphine or -arsine, they usually show little variation 
with crystal form, and the best fingerprint may be the 
X-ray powder picture (cf. Table 1 and the Figure). The 
present work, besides giving a convenient and quantita- 
tive method of preparation of trans-[Pt(PPh,),Cl,], also 
brings the reaction of carbon tetrachloride with tetrakis- 
(triphenylphosphine)platinum(o) back into line with 
most other reactions of perchloroalkanes and reduced 
complexes of metals, amongst which are (2)-(4). While 

[Pt(PPh,),] + C,CI, [Pt(PPh,),Cl,] (ref. 8) (2) 

[(Et,P),Rh(CO)Cl,] (ref. 24) (3) 

[(Et,P),PtC12] (ref. 17) (4) 

[(Et,P),Rh(CO)Cl] + CCl, --w 

[(Et,P),Pt(H)Cl] + CCl, - 
the trichloromethyl ligand is certainly well known, as in 
[Hg(CCl,),],25 i t  seems that platinum(I1) complexes with 
it remain to be synthesised. 

22 F. R. Hartley and G. W. Searle, Inovg. Chem., 1973, 12, 1949. 
23 D. C. Goodall, J .  Chem. SOC. ( A ) ,  1966, 1562. 
54 R. F. Heck, J .  Amer. Chem. SOC., 1964, 86, 2796. 
25 G. Kobrich, K. Flory, and W. Drischel, Angew. Chem. 

Internat. Edn., 1964, 3, 513. 
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EXPERIMENTAL recrystallisation of all forms from dmf, m.p. 303-304 "C 

M.p.s were recorded using m.p. tubes in a heated metal 
block. 1.r. spectra were recorded on a Perkin-Elmer 621 
grating spectrophotometer as Nujol mulls between caesium 
iodide plates. Electronic spectra were recorded on a Beck- 
man DK-2 ratio recording spectrophotometer in 1 cm quartz 
cells. X-Ray powder photographs were taken with a 
Guinier-de Wolff camera using Cu-I<, radiation. 

The complexes K,[PtCI,] and PtC1, were supplied by 
Heraeus GMBH (Hanau). All solvents used in preparations 
were analytically pure reagent grade (E. Merck) and were 
used as supplied with the exception of NhT-dimethylform- 
amide (clmf) which was freshly distilled. For the nieasure- 
ment of electronic spectra, spectroscopic-grade chloroform 
was used. Triphenylphospliine (hlerck) was freshly crystal- 
lised from benzene. Tetrakis(tripheny1phosphine)- 
platinum(0) was prepared by the method of Ugo et nZ.19 

Di-p-chloro-bis[chloro (triphenylphosphine) platinum ( II)]  

was prepared by the method of Smithies ~t aZ.21 

cis-Dichlorobis (trip Jie~zyZphospJiine)platinui~z (11) .- The 
letters for the various preparations are used as a code in the 
Introduction. 

( 1 )  Unsolvated form : (a )  ( 2 )  Jensen's m e t h ~ d . ~  The 
complex I<,[l'tC14] (0.7 g) in water (10 cm3) and PPIi, (0.15 g) 
in ethanol (10 cm3) were shaken a t  room tcrnperature for 
24 11 and the precipitated white product collected and 
washed with cold water, ethanol, and diethyl ether. Alter- 
natively, the same reagents were boiled for 1 h and the 
filtered product washed with the hot sohwits.10 

( a )  (ii) iUaZatesta's n7etJi0d.'~ The complex I(,tPtCl,] 
(0-275 g )  and PPh, (0.5 g) were heated untler reflus in xylene 
(25 cm:I) for 6 h and the precipitated product filtered off and 
washed with hesane and diethyl ether. 

(u )  (iii) M e l t  met1i0d.l~ PtC1, (0.3G g )  IT'as stirred 
with molten PPh, (2.0 g) a t  85-90 "C for 15 inin. After 
cooling, the resulting solid mass was extracted with di- 
chloromethane. Addition of cliethyl ether to the CH,CI, 
solution resulted in a white precipitate which was filtcrecl off 
and washed with diethyl ether. 

(b) ( 2 )  From tetralzis ( tr i~Jze~z~JZ~Jiosphine)pZatznu~~ (0)  
Carbon tetrachloride (1.6 cm3) was added to [Pt(PPh,),] 
(0-4 an3) in benzene (8  c1n3). The resulting white precipi- 
tate was stirred overnight in the mother liquor, and then 
filtered off and washed with hexane and cliethyl ether. 

The product from all the above reactions was the un- 
solvated cis-[Pt(PPI~,),CI,], as was found on recrystallisation 
of all samples from CH,Cl,, n1.p. 310-313 "C (Found: 
C, 54.5; H,  4.1. Calc. for C,,H,oCl,P,Pt: C, 54.7; H, 
3.8%). 

Recrystallisation of all samples 
from CHCI, gave cis-[Pt(PPh3),C1,],CHC1,. Samples were 
washed with hexane and diethyl ether (Found : C, 48.3 ; 
H, 3-6. Calc. for C,,H,,CI,P,Pt: C, 48.8; H, 3.40/). 

Following a report l3 that a 
heated solution in dmf of hesachloroplatinic(1v) acid reacts 
with triphenylphosphine to give cis-dichlorobis(tripheny1- 
phosphine)platinum(rI), H,PtC16,6H,0 (1.0 g) was heated 
under reflux in dmf (15 cm3); after 5 niin a substantial 
quantity of platinum metal had deposited. This was re- 
moved after 20 niin under reflus and an excess of triphenyl- 
phosphine added which resulted in gas evolution and 
precipitation of a white product. The latter was collected 
and washed with methanol and diethyl ether. 

The adduct 2 cis-[Pt(PPh,),Cl,],dmf was also formed on 

(2) Cldorofortn adduct. 

(d) dnif -4dduct: (a) (iv).13 

(Found: C, 64.15; H, 4.40; N, 0.85. Calc. for C,,H,,CI,- 

( 1) 
From cis-trans-eguilibriuvn nzixture. The compound cis- 
[Pt(PPh,),Cl,] (9-22 g) was dissolved in CHCI, (50 cm3) and 
PPh, (0.01 g) added. The reaction mixture was boiled for 
1.5 11 and [(Ph,P)ClPt(p-Cl),PtCI(PPh,)I (0.03 g) added to  
absorb the phosphine. After being heated under reflux for 
a further 1-5 h ,  the reaction mixture was filtered and evapor- 
ated to dryness under reduced pressure. The solid residue 
was extracted with benzene to give a yellow solution and a 
white solid (cis-isomer) remained. After addition of meth- 
anol to the benzene solution, 504 of the pure tvans-isomer was 
isolated. 

PtC1, 
(0.36 g )  Was stirred with molten PPh, (2.0 g) at 85- 
90 "C for 16 min. After cooling, ice-cold CH,CI, (10 
6111~) was added and the mixture vigorously stirred for 
2 min. The so-formed cream-yellow suspension was 
clecantecl free of unreacted PtCI,, filtered off, and washed 
with cold CH,CI, (4 >: 10 cm3) to remove the cis-isomer and 
excess of phosphine. After drying a t  the pump, the cream- 
yellow solid was recrystallisecl from benzene to give bright 
yellow crystals of the pure tvrrlzs-isomer in 20% yield. 
(Addition of diethyl cther to the CH,CI, filtrate and wash- 
ings gave 700,; of the white cis-isomer.) Attempts to obtain 
the product from the resolidifiecl melt  by adding other 
reagents, e.g. benzene, dietliyl ether, ethanol, or chloroform, 
were unsuccessful. 

The complex tva.vzs-[ (Ph,P)CIPt(p- 
CI),(PPh,)] (0.2 mmol) was suspended in benzene (cn. 20 cm3) 
and a solution of PPh, (0.2 mmol) in benzene (ca. 10 cm3) 
was atlded dropwise over cn. 3 h with stirring. During 
the course of addition, the suspended climer was slowly 
consumed to give a clear yellow solution. Addition of 
methanol gave a quantitative yield of yellow trans- 
[Pt(I-'Ph3),C1,], m.p. 306-308 "C (Found: C, 54.2; H, 4.3. 
Calc. for C36H3,,C12P,Pt: C, 54.7; H,  3.8o/b). 

DesoZiration.-( 1) Samples of cis-[Pt(PPh,),Cl,], cis-[Pt- 
(PPh,),CI,],CHCl,, and 2 cis-[Pt(I'Pli3),C1,~,dmf were heated 
in a drying oven at 180 "C for 7 h. The products, as identi- 
fied by i.r. spectra and X-ray powder patterns, were in all 
cases the unsolvated complex. 

(2) The complex cis-[Pt(PPh3),C1,],CHCI, (70 mg) was 
heated in an oil-bath a t  100-120 "C for 15 min under vacuum 
( 1 0 - 4  mniHg). Volatile products xvere collected in a gas i.r. 
cell (NaC1 windows). The cooled solid residue was identificd 
by its X-ray powder pattern as the unsolvated form. The 
i.r. spectrum of the collected gas sliowed it to be CHCI,. 

(3) The complex cis-[Pt(PPh,),Cl,],CHCI, (7 mg) was 
pumped a t  25 "C in a After 12 h only 
l O Y 4  of the theoretical chloroform quantity had been lost 
and the i.r. spectrum and X-ray powder pattern showed the 
remaining solid to be unchanged adduct. 

cis-trans-Eg.uiZibriu?~.-Equal quantities (22 mg) of the 
pure cis- and tvans-isomers were each dissolved in CHCI, (50 
cm3) and PPh, (0-26 mg) was added to each solution. [At 
the concentrations used to measure the electronic spectra, 
this quantity of PPh, afforded no measurable absorption a t  
the wavelength (280 nm) used.] The two solutions were 
heated on a water-bath and allowed to cool and remade up 
to 50 cm3 with CHCI, every 0.5 h when U.V. spectra of 1 cm3 
aliquot portions (diluted 10 times) were run. After 2.5 h,  
the spectra of both solutions mere the same (and remained 

NOP,Pt,: C, 54.45; H, 4.05; N, 0.85%) .  
trans-DicJiZovobis (triphenyZphosphine)platinum (11) .- 

(2) Adaptation of the ineZt nzetliod [ ( a )  (iii)] above. 

((1) Froiiz the dinzev. 

mmHg vacuum. 
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unaffected by further heating), giving a cis : trans ratio of We thank the Deutsche Akademischer Austauschdienst 
ca. 8 : 1.  [The error in the equilibrium constant ( K  = for support (to R. D. G.), Professors K. Broderseti and H. 
1.1 f 0.2) is attributed to the inaccuracy in maintaining the Behrens for providing laboratory and other facilities, and B. 
concentrations due to the repeated necessity of remaking the Deibl for assistance with some of the experimental work. 
solution up to 50 cm3.] [4/882 Received, 3rd May, 19741 
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