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A number of chlorovinyl complexes of palladium and platinum have been prepared from the reaction of the zerovalent 
palladium or platinum complexes [(Ph,P),M] w i th  chlorinatedolefinssuchas tetrachloroethylene, trichloroethylene, 
and dichloroethylene. l H  N.m.r. spectroscopic studies of the complexes containing PPh,Me have allowed the 
stereochemistry of the new compounds to  be established. Oxidation of the Pt" complexes wi th  chlorine yields 
six-co-ordinate vinyl complexes of Ptl'. 

THE stability of metal-carbon bonds in transition metal- 
alkyl complexes is enhanced by replacement of hydrogen 
by fluorine. The factors involved have been summarised 
by Kyholm l and basically relate to the effect of the 
greater electronegativity of the fluorine relative to  
hydrogen on the nature of the metal-carbon bond. 
Recent work by other groups on the structures of related 
fluorine and chlorine substituted metallo-carbon systems 

has led to the suggestion that,  on the basis of metal- 
carbon bond lengths, the relative stability of the metal- 
carbon bond does not follow the expected order of 
electronegativity but is 11-C-C1 > 31-C-F > M-C-H. 
This observation has obvious impact on the nature of 
metal-carbon bonds and as part of an extensive investi- 
gation of such systems we report here the general 
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chemistry of some platinum(11) and palladium(11)-chloro- 
vinyl derivatives. 

In a preliminary communication we described the 
reactions of tetrakis(diphenplmethylphosphine)platinum- 
(0) with a range of halogenated olefins. We now report 
these results in greater detail and   resent further observa- 

U 

tions made during the course of this study. The re- 
activity of zerovalent platinum and palladium com- 
plexes of the type [(Ph,P),M], where M - P t  and Pd, 
with chlorinated olefins such as tetrachloroethylene, 
trichloroethylene, and dichloroethylene to  give platinum- 
(11)-chlorovinyl complexes has been We find 
that the con~plexes containing diphenylmethylphosphine 
are most convenient to  studv from a structural view- 
point and a lH n.m.r. spectroscopic study of these com- 
plexes ha\ established their stereochemistry and has 
provided information regarding the stereochemical 
arrangement of the protons on the vinyl group. 
Tetrakis(diphenylmethy1phosphine)-platinum or -pal- 

ladium react with the chloro-olefins C1,C=CC12, CHCl= 
CCl,, and tvans-CHCl=CHCl in toluene to  give the vinyl 
co~nplexes (I)-(VI) respectively in good yield. 

(I) nr = ~ t ,  X - T = c1 
X \ c - c / C '  (11) s r = P t , x = = c I , Y =  H 

Ph2MeP - (111) h1 = ~ t ,  X = Y = 1-1 
'M' \ v  iIV, & I =  P d . X - Y  -C l  

(V) nr = Pd, X = H, W = C1 
C['' " P P ~ Z M ~  ' j i T q  11 = pd.  X = =- H 

Interestingly, no vinyl complex was observed when 
[(Ph,MeP),Ptl was treated with cis-1,2-dichloroethylene 
yet with thc zerovalent palladium complex a 40% yield 
of the clilorovinyl complex (VII) was obtained. Similar 

observation5 have been reported previously for the com- 
plexes [(Ph,P),Pt: and [ ( P ~ I , P ) , P ~ ] . ~ , ~  If zerovalent 
metal complexes such as [(Ph,MeP),Pt] or the co- 
orclinatively unsaturated species [(Ph,i\leP),Pt] present 
in s ~ l u t i o n . ~  which are electron-rich centres, are regarded " 
as nucleopliiles then the reactivity of this nucleophile 
with cis- and traus-1,2-dichloroethylene is the reverse 
of that usually observed. A nucleophile of the type 
toluene-$-thiolate, for example, reacts with the cis- 
isomer of l,%-dichloroethylene in the presence of base to 
give cis-l,2-bis($-tolylmercapto)ethene, however, no 
reaction is observed with the trans i ~ o r n e r . ~  The pre- 
sence of a base, ethoxide ions in this case, is a pse- 
requisite for reaction with the nucleophile and suggests 
that the primary step in the nucleophilic substitution of 
cis-1,2-dichloroethylene involves elimination of hydrogen 
chloride. The ethoxide ion must initially attack an 
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olefinic hydrogen atom causing elimination which is 
accompanied by an  anionic leaving group (a chloride ion) 
from the neighbouring carbon atom forming the chloro- 
acetylene (CICZCH). The chloroacetylene then adds 
the nucleophile and a proton to  give the product of 
substitution. As trans-elimination of hydrogen chloride 
is more favourable than cis-elimination the observation 
that no reaction occurs with tmns-1,2-dichloroethylene is 
understood. The reaction of cis-l,2-dichloroethylene 
and [(Ph,&feP),Pt] was also examined in the presence of a 
base. In a typical experiment cis-l,2-dichloroethylene 
was treated with [(Ph,RleP),Pt] in the presence of 
ethoxide ions under reflux in ethanol and the ethynyl 
complex [(Ph,MeP),PtCl(C-CH)] was produced. The 
production of this ethynyl complex from cis-1,2-dichloro- 
ethylene is consistent with the initial formation of chloro- 
acetylene as a prerequisite to nucleophilic substitution of 
this olefin and establishes that the subsequent reaction 
with the zerovalent metal nucleophile differs from that 
of the more conventional organic nucleophiles in that 
carbon-halogen bond cleavage is favoured rather than 
addition to the carbon-carbon triple bond. 

We have observed that both trans-1,2-dibromoethylene 
and vinyl bromide react more readily than the corre- 
sponding chloro-olefins with [(Ph,MeP)4Pt]. trans-1,2- 
Dibromoethylene reacts with [(Ph,MeP),Pt! a t  room 
temperature to give a 90% yield of the bromovinyl 
complex (VIII) and vinyl bromide reacts under similar 
conditions producing a 50% yield of the vinyl complex 

H X 
PhzMeP 'C= C' (VIII) X - Rr  

p '  'H ( IX)  X = H 

BC' 'PP~,M~ 

(IX).  In contrast, vinyl chloride did not react with the 
zerovalent complex even over a prolonged period. 
This suggests that the increased reactivity of the bromo- 
olefins can be correlated with the ease of carbon- 
halogen bond cleavage. In fact, we observed that the 
bromovinyl complex (VIII) readily decomposes in 
chloroform to give cis-[(Ph,hleP),PtBrJ. The lH n.m.r. 
spectrum of the bromovinyl complex in deuteriochloro- 
form exhibits resonances for the two vinylic protons a t  
-i 3.5 and 5.2 together with the triplet pattern a t  T 7.8 
associated with the methyl protons of the mutually 
trans-phosphine molecules. dfter a period of only 
30 min the spectrum has changed completel>., vinylic 
proton resonances are no longer evident, and the reson- 
ance of the phosphine methyl protons appear as doublets 
indicating a cis-arrangement of the phosphine molecules. 
In addition, using g.1.c. we identified acetylene as the 
concomitant organic product of this elimination reaction. 
The elimination of acetylene from complex (VIII) is also 
promoted thermally, the bromovinyl complex melts a t  
148" with a gaseous evolution to give another solid which 
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subsequently melts at 250°, the melting point observed resonance always appears as a well defined 1  : 2 : 1 
for cis-[(Ph,MeP),PtBr,]. triplet. Table 1 summarizes the lH n.m.r. spectroscopic 

The cyano-group in trans-1,2-dicyanoethylene does not data obtained for the phosphine methyl protons of the 
undergo displacement and the reaction of [(Ph,MeP),Pt] platinum and palladium vinyl complexes. The platinum 
with this olefin produces the olefin complex (X) in good complexes have an additional coupling constant resulting 

H 
from the coupling of the phosphine methyl protons with 
the lg5Pt isotope which has a spin 3 and abundance ca. 

p h M e 2 ~ ' c N  33% and appears as a triplet of approximate intensity 

( X  1 
l : 4 :  l .  

I t  can also be shown by lH n.m.r. spectroscopy that the 

~ h ~ ~ e b  'C\ configuration of the original olefin is retained in the 
4 H platinum and palladium vinyl complexes. Thus, when 

CN trans-1,2-dichloroethylene reacts with the platinum and 
yield. This complex is surprisingly inert. Olefin com- palladium zerovalent complexes to  give the chloro-vinyl 
plexes such as [(Ph,P),Pt(CCl,=CCl,)] have been shown complexes the coupling constant between the vinylic 
to  be precursors in the production of chloro-vinyl com- protons is 14 Hz. This value is of the order expected for 
plexes, e.g. [(Ph,P),PtCl(CCl=CCl,)] by refluxing in a trans-AB coupling across a double bond. Similarly, 
polar solvent such as ethanoL3 However, the dicyano- reaction of cis-1,2-dichloroethylene with [(Ph,MeP),Pd] 
ethylene complex (X) remains unchanged when refluxed gives a vinyl complex in which the vinylic protons are 
in ethanol. The rearrangement of certain olefin com- coupled to the extent of 5.5 Hz which is consistent with 
plexes to vinyl complexes has been shown to be accele- the retained cis-arrangement of these protons. 
rated by silver salts.8 Thus, [(Ph,P),Pt(CBrF=CF,)] can The relative position occupied by a proton on the 

TABLE 1 
lH N.m.r. spectroscopic da ta  for phosphine methyl protons 

JO1P-H) * [('n5Pt-H) 
Complex (L = Ph,MeP) Chemical shift (7)  Hz Hz 

tvans-[L,PtCI(CCI=CCl,)] 7.86 (3t) 7.5 3 1 
trans-[L,PtCl(CCl=CHCl)] 7.88 (3t) 8.0 33  
tvans-[L,PtCl(trans-CH=CHCl)] 7.90 (3t) 8 . 0  2 9  
trans-[L,PtBr(trans-CH=CHBr)] 7.80 (3t) 7 . 0  29 
tvans-[L,PtBr(CH=CH,)] 7.94 (3t) 7 .0  31 
trans-[L,PdCl(CCl=CCl,)] 7.93 (t) 7 .0  
trans-[L,PdCl(CCl=CHCl)] 7 .98  (t) 7 .0  
trans-[L,PdCl(trans-CH=CHCl)] 7.98 (t) 7 .0  
trans-[L,PdCl(cis-CH=CHCl)] 7.98 (t) 7 .0  

* This is given as the separation of the outer peaks of the 1 : 2 . 1 triplet. t = Trtplet 

be isomerized in refluxing butanol or more conveniently 
by the addition of silver acetate to  an acetone solution 
of the olefin complex to give the vinyl complex tram- 
[(Ph3P),PtOAc(CF=CF,)1, the bromide ion being re- 
moved as silver bromide. In contrast, our attempts to  
.rparxange kk dic.yann~ith~kne r n m p k x  hp rfifll~xitg 
the complex in acetone in the presence of silver acetate 
were unsuccessful and this failure must reflect the in- 
creased stability of the carbon-cyanide bond. 

S@ectroscopic Studies.-It is now well established 9 that 
the stereochemical arrangement of phosphine molecules 
in square planar bisphosphine complexes of platinum 
and palladium can be determined by lH n.m.r. spectro- 
scopy providing the phosphine contains a methyl group 

~~ - 

as substituent. Two mutually trans-phosphorus atoms 
produce an apparent triplet of intensity 1 : 2 : 1 for the 
protons of the methyl groups. The resonance of the 
phosphine methyl protons for mutually cis-phosphorus 
nuclei appear as a well defined doublet of intensity 1 : 1. 
Without exception, the vinyl complexes produced by 
reaction of [(Ph,MeP),Mj, where hI = Pt and Pd, and 
halogeno-olefins have a trans-configuration of phos- 
phorus molecules, that is the phosphine methyl proton 

A. J. Mukhedkar, &I. Green, and F. G. A. Stone, J. Chem. 
Soc. (A ) ,  1970, 947. 

vinyl group may be deduced from a knowledge of the 
lg5Pt-H coupling constant and the complex (IX) has 
proved invaluable in this respect. This complex con- 
tains three distinct vinylic protons which Illay be dis- 
tinguished by observations of the proton-proton coupling 
~nnd-a~nf  ad s i m ~  pacb nrnjnn . k q  m aswciat~d lg5Pf=H 
coupling the magnitude of this can be related t o  the 
position of the proton relative to the metal. These 
values can be compared to the J(195Pt-H) values for 
vinylic protons in other complexes and hence the relative 
position of the proton on the vinyl group may be deduced. 
Table 2 summarizes some of the IH n.1n.r. s~ec t rosco~ic  
data of the vinyl complexes which we have prepared. 
The subscripts g, t, and c relate to the relative position of 
the vinylic proton with respect to  the metal, genzifzat, 
trans, and cis respectively. The values of J(lS5Pt-H) for 
the vinylic protons of complex (IX) are comparable t o  
those published during the course of this work for the 
analogous complex trans-[(Ph3P),PtBr(CH=CH2)] and 
parallel those of J(H-H) for olefins aiz. trans > cis > 
gem. 

Assignment of the 1H n.m.r, spectrum of complex (11) 
J. RI. Jenkins and B. L. Shaw, J. Chew. Soc. ( A ) ,  1966, 770. 
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1H N.m.r. spectroscopic data for vinylic protons 
J('Q5Pt-H) 

Chemical shift (7) Hz 
7- r * 7 

Complex (L = Ph,hleP) H, Ht Hc H, Ht H c  

tva)zs-[L,PtBr(CH=CH,)] 3.62 4.70 5.52 -30 158 84 
tvaizs-LL,P~C~(CC~=CHCI)] 5.00 3 1 
tvans-[L,PdC1 (CCl=CHCl)] 5.03 
trams-'L,PtCl(trans-CH=CHCl)] 3.74 5-35 30 46 
tvans-[L,PdCl(trans-CH=CHCl)] 4.21 5.51 
tva~zs- LL,PtBr(trans-CH=CHBr)] 3.50 5.20 28 46 
trans-[L,PdCl(cis-CH=CHCl)] 3.93 4.34 

is not simple and may be interpreted in terms of either 
structure (11) or the alternative isomer, X = H,  Y = Cl. 
The main evidence for the proposed structure (11) stems 
from l3C n.m.r. studies. The l3C n.m.r. spectrum of the 
complex in CDCI, (see Table 5 )  is consistent only with 
structure (11) and cannot be rationalized in terms of the 
alternative form. A more detailed discussion of this 13C 
n.m.r. study and that of other, related molecules will be 
given in a subsequent paper. 

Two main features of the i.r. spectra of the vinyl 
conlplexes are the carbon-carbon double-bond stretching 
frequency and the metal-halogen stretching frequency 
and these are summarized in Table 3. The former 

1.r. spectroscopic data for the v i q l  complexes 
Complex 

(I, :- Ph211eP) 
(C=C) v (31=cl:l 
cm-l cm-' 

~ ~ ~ ~ ~ S - [ L , P ~ C ~ ( C C ~ = C C I , ) ]  1535w 306s 
tvans-[L,PdCl(CCl=CCl,)] 1535w 314s 
tvans-[L,PtCl(CCl=CHCl)] 1541w 307s 
trans-[L,PtBr(CH=CCl,)! 1536w 
trans-[L,PdCl (CCl=CHCl)] 1537w 312s 
tvans-[L,PtCl(trans-CH=CHCl)] 1550w 290s 
trans-[L,PdCI(trans-CH=CHCl)] 1542w 297s 
trales-[L,l'dCl(cis-CH=CHCl)] 1555w 290s 
trans-[L,PtBr(CH=CH,)] 1570m 

\S- = \I7eak; m = medlum; S = strong. 

occurs as a weak band a t  ca. 1500 cm-l and the latter as a 
strong band ca. 300 cm-l for this type of ~ o m p l e x . ~ $ ~  In 
order to confirm the v(Pt-Cl) assignment we prepared the 
complex trans-[(Ph,MeP)2PtBr(CC1=CHC1)]. 

Substitution of hydrogen by halogen. reduces the 
electrophilic nature of the olefin bond, thus increasing 
the possibility of metal oxidation when reacting with 
electrophilic reagents. The l95Pt-H coupling constant 

for the phosphine methyl protons is reduced from ca. 
30 Hz in the platinum(11) complexes to 15 Hz for the 
platinum(1v) complexes. This marked reduction has 
been noted previously when platinum(11) alkyls were 
oxidized to platinum(1v) alkyls l1 and may be attributed 
to a decrease in the S-character of the platinum-phos- 
phorus bond on increasing the co-ordination from four to  
six. Table 4 summarizes some of the lH n.m.r. spectro- 
scopic data for the platinum(1v) vinyl complexes. 

Thus, treatment of the platinum(11) vinyl complexes 
with one equivalent of chlorine leads to  reaction exclu- 
sively a t  the metal. Subsequent reaction with chlorine 
appears to depend upon the nature of the substituted 
groups in the vinyl group. Thus whilst the platinum- 
(IV) complex t~ans-[(Ph,MeP),PtC1~(CC1=CC1~)~ was un- 
affected when treated with a further equivalent of 
chlorine treatment of the complex trans-[(Ph,MeP),- 
PtCl,(CCl=CHCl)] with 1 m01 equiv. of chlorine gave the 

TABLE 4 

lH N.m.r. spectroscopic data for the platinum(1v) vinyl complexes 
Phosphine methyl protons Vinylic protons 

F <  

Chemical Chemical Chemical 
Complex (L = Ph,l\.IeP) shift J(31P-H) * J(lQ5pt-H) shift J(lS5Pt-Hp) shift J('"Pt-Hc) ](%-He) 

(4 Hz Hz H, (4 Hz H, (7)  Hz Hz 
trans-[L2PtC1,(CC1=CC1,)1 7.54 (30t) 8 15 
trans-[L,PtCl,(CCl=CHCl)] 7.60 (30t) 8 15 3.95 (3t) 26 
trans-[L,PtCl,(trans-CH=CHCI)] 7.60 (30t) 8 15 4.05 (2ot) 56 4.76 (20t) 30 13 

* 'This is given as the separation of the outer peaks of the 1 : 2 : 1 triplet. t = Triplet; ot = overlapping triplet. 

Reactivity of the ChlorovinyGMetal(11) Complexes with complex ~~~~s-[(P~,M~P),P~CI~(CC~=CC~~)] ; the vinylic 
Chlorine.-The most reactive centre in these molecules proton having been substituted by a chlorine atom. 
to  chlorine is the metal. Treatment of the platinum(11) Reaction of the complex trans-[(Ph,MeP),PtCI,(tran~- 
complexes with one equivalent of chlorine leads to  oxida- CH=CHCl)] with 1 m01 equiv. of chlorine gave an 
tion of the mctal yielding six co-ordinated platinum(1v) intractable oil which was not examined further. 
complexes with the stereochemical configuration shown 
in (XI). l1 J. D. Ruddick and B. L. Shaw, J. Chenz. Soc. ( A ) ,  1969, 2801. 
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Reactivity of the Clzlorovinyl-Metal(11) Complexes with 
Hydrogen Chloride.-Treatment of the platinum and 
palladium(11) vinyl complexes with hydrogen chloride 
emphasises the stability differences between the various 
complexes. The complexes trans-[(Ph,MeP),lICl(CCl=- 
CCl,)], where 11 = P t  and Pd, were unaffected by treat- 
ment with hydrogen chloride and this shows the en- 
hanced stability of the metal-vinylic carbon bond when 

the vinyl group is fully substituted by electron-with- 
drawing groups. In  contrast, treatment of the com- 
plexes trans-[(Ph,XeP),MCl(trans-CH=CHCl)], where 
M = P t  and Pd, with hydrogen chloride leads to cleavage 
of the metal-carbon bond and removal of the vinyl group. 
The products obtained in the case of the platinum com- 
plex were cis-[(Ph,MeP),PtCl,] and vinyl chloride whilst 
the palladium complex yielded a cisltrans mixture of 
[(Ph,hfeP),PdCl,] and vinyl chloride. The elimination 
of the vinyl group probably proceeds via the hydrido- 
intermediate species (XII) which can decompose to the 
cis-bisphosphine dichloride complexes by elimination 
of the hydrogen atom with the relatively weakly bonded 
vinyl group. In the case of the palladium complex 

identical to the vinylic proton of the starting material, 
and the latter had a J(195Pt-H) coupling constant of 84 
Hz. There was no mutual coupling between the two 
protons. The resonance of the phospliine methyl 
protons a t  ca. T 8 appeared complex but cxami~lation of 
an expanded spectrum showed this to consist of two 
almost coincidental 1 : 2 : 1 triplets. The product of 
reaction, therefore, consists of a mixture of the starting 
material and another complex having the same stoicheio- 
metry but a different vinylic proton environment. *4s 
only one new vinylic proton resonance is observed the 
product appears to be exclusively one form and we 
tentatively suggest that isomerization of the vinyl 
group has occurred and an equilibrium between the 
isomerized product and the starting material has been 
established. The value of 84 Hz for the lg5Pt-H coupling 
constant for the vinylic proton in the new environment 
is more consistent with this proton occupying a position 
trans to the metal rather than geminal and it is con- 
cluded that the isomerized product is (XIII) and the 
equilibrium is presumably as shown: 

The mechanism by which the isomerizat-ion is est-ah- 
lished, is a matter for conjecture since no systematic 

13C N.m.r, spectroscopic d a t a  for platinum(11) vinyl complexes a 

Phosphine methyl carbons 1-inylic carbons 
7 h , r 

Chemical Chemical Chemical 
Complex shift ](P-C) J(Pt-C) shift J(Pt-Ca) J(P-Ca) shift J(Pt-C,g) J (P-Ca)  

(L = Ph,hfeP) ( P . P . ~ . )  Hz Hz C, (p.p.m.) Hz Hz C,g (p.p.m.) C,g (p .p .n~.)  Hz 
trans-L,PtCl(CCl=CHCl) 11.7 40 b 107 .8 ( t )C  210 
trans-L,PtCl(CH=CHCl) 12.3 37 30 124.1 (t) 900 l 0  108.8 (t) 128 6 

0 Spectra run in CDCI,. b U-Carbon lacks any Overhauser enhancement. Unambiguous assignment impossible even with 
added relaxation reagent. Phosphorus-carbon coupling observed as fine structure of the components of the 1 : 4 :  1 triplct 
arising from carbon coupling to  platinum-196. 

production of cis-[(Ph,>leP),PdCl,] is probably followed by 
partial rearrangement to  the more stable trans-isomer 
thus producing the cisltrans mixture which is isolated. 

An interesting reaction occurs when the vinyl complex 
trans-[(Ph231eP),PtC1(CC1=CHCl)j (11) is treated with 
hydrogen chloride. The original complex has an lH 
n.m.r. spectrum showing the vinylic proton a t  T 5 and is 
coupled to the lg5Pt nucleus to the extent of 31 Hz. 
Treatment of the complex with hydrogen chloridc had no 
apparent visual effect, the product having a similar 
elemental analysis and i.r. spectrum to that of the 
starting material. However, examination of the pro- 
duct by lH n.m.r. spectroscopy revealed that a reaction 
had occurred. 

Two vinylic proton resonances occur a t  T 5 and 4, the 
former showing a J(195Pt-H) coupling constant of 31 Hz, 

study has been made. One possibility is that the hydro- 
gen chloride adds to the vinylic group to give an inter- 
mediate of the type (XIV) which can then eliminate 

hydrogen chloride in one of two ways to give the starting 
material or the product. Alternatively, addition of a 
proton to form a carbonium ion followed by rotation 
about the carbon-carbon bond and elimination of the 
proton would produce the same result. 
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EXPERIMENTAL 

The zerovalsnt metal complescs were prepared by 
published m e t l ~ o d s . ~ ~ l ~  

1'latinunz(11) Chloroci~~yl Cotulp1exes.-(a) trans-Clllovobis- 
(diphenyl~~~etl~ylp/~ospJ~~?ie)t~i~lt~o~ovi?tyZ~~atinu~~z. Tetrakis- 
(diphenvlrnethylphosphine)platinum (1.0 g) in toluene (30 
1111) was treated with tetrachloroethylene (3 ml) and the 
clear yellow solution was heated a t  90' for 2 h. The 
resulting pale yello~v solution was filtered ancl the solvent 
was removed under reduced pressure t o  give a yellow oil, 
addition of light petroleum (b.p. 40-60') t o  which gave a 
~vhite solid which \\-as crystallized from a dichlorometllalle- 
etllanol to give colourless crystals of the product (0.6 g, 
80%) m.p. 167-170" (Found: C, 43.7; H ,  3.5; Cl, 17.95. 
C,,H,,Cl,P,Pt requires C, 44.1; H ,  3.44; Cl, 18.60%). 

(b) tra11s-Chlo~obis(dipI~e~zyI~1ethyZ~hosphine)diclzloro- 
ui?zyZplatinum. By the method described in (a) tetrakis- 
(diphenyln~et1iylphosphine)platinum (1.7 g) and tricl~loro- 
etl~ylene (3 ml) ga.ve colourless crystals of the product (1.2 g, 
9.50/6), m.p. 158-160" (Found: C, 46.7; H ,  3.8; Cl, 14.25. 
(',,H,,CI,P,Pt requires C, 46.3; H,  3-74: Cl, 14.64%). 

(c) trans-Ci~lorobis(d~~J~enyZ~nethyZphospIzine)-trans-c/!/oro- 
v~~zylplatinum. By the method described in (a) tetralcis- 
(diphenylmethylp1~osphine)platinum (1.5 g) and tratzs-1,2- 
dichloroethylene ( 3  ml) gave colourless crystals of theprgduct 
(0.86 g, 83O/,), m.p. 120-125° (Found: C, 48.5; H,  4.5; Cl, 
10.1. C,,H,,Cl,l',Pt requires C, 48.6; H,  4.07; Cl, 10.240/0). 

( ( 1 )  ,4tte111ptec! reactioz between tetrakis(dip11enylmethyl- 
/ i / io.~pl!i~ejpli~ti1~uii2 and ri~zyl cJ~lovide. Tetrakis(dipheny1- 
11~et1lylphosphine)platinum (0.8 g) in toluene (20 ml) and 
vinyl chloride (ca. 1 rill) in a sealed tube a t  room tempera- 
ture ior 14 day.: failecl to react and gave only the platinum- 
(0) startirlg material as revealed by i.r. spectroscopy. 

(c) dtteinpleti renctiow betwleelz tetrakis(diphenylmet/zjilp?~os- 
pili71e)pleti?zuii/ iiizoi cis-l,2-diclzloroetlzyle~ze. Tetrakis(di- 
pl~enylmetl1~lpliosp11ine)platinum (1.2 g) in toluene (20 ml) 
ant1 cis-1,"-dichloroetl~ylene (1 ml) in a sealed tube a t  140" 
for 5 h gavcs n ~ l c h a n ~ e d  platinum(0i starting material as  
rcvcaletl by I I-. spectroscopy. 

( j )  Renctio~i between tetrakis(diPl~en~lmethyl$I~o~pJ~ine)- 
fiI(rtii~z4ii1 a97d ci~-1,2-di~/~lo~oet/zyle+ze in the presence o j  
etitoxide ioizs. Tctrakis(diphenyln~ethylpl~osphine)platinum 
( I .5 g)  in ethanol (50 ~ n l ) ,  containing dissolved sodium (0.05 
g ) ,  \!-as treated wit11 cis-1,2-dichloroetl~ylene (2 ml) and 
heated under reflux for 1 11, the resulting white solid was 
filtered, wasliecl ~\ . i th ethanol, and recrystallized from 
cl~loroform to  give white crystals of the product (0.80 g, 
81%), m.p. 170°(d) (Found: C, 51.0; H,  4-26; Cl, 5.5. 
C',,H,,ClP,I't requires C, 51-2; H ,  4.15; Cl, 5.41%). 

(g) trans-B~~or?~obis(dipl~enylmetl~ylphosphine)dic/t/oro- 
vinylplatinztv~. fva~zs-Chlorobis(diphenylmethylp1~osphine)- 
dicl~lorovinylplatinuin (0.3 g) in acetone (25 ml) was treated 
with anhydrous lithium bromide (1.0 g) and heated under 
reflux for ? h  h: the solution was filtered and removal of the 
the sol\-snt ga;.c a xx-hite solid which was filtered off, washed 
with wattr, and recrystallized from a dichloro~netllane- 
ethanol mixture to give colourless crystals of the pvolduct 
(0.3 g, 95O4), m.p. 169-172" (Found: C, 43.7; H, 3.85. 
C,,H,,BrClT'21't requires C, 43.6: H, 3.53%). 

Pnlladiz~in(r~] C/zlorovinyl Conz$lexes.-(a) trans-C//lorcbis- 
jdipl~en~~In~etl~~~l~J~os~J~i1ze)2ricJ~lorovinyl$alladiz~~1~. Tetra- 
ltis(dip11en)-ln~etl~ylphosphine)palladium (0.4 g) in toluene 
(20 ~ n l )  was treated with tetrachloroethylene (3 ml) and 
heated a t  90" for 1 h ;  the pale yellow solution x7as filtered 
a n d  relno\.al of solvent under reduced pressure from the 

filtrate gave a pale yellow oil. Addition of light petroleum 
(b.p. 40-60') to this gave a white solicl which !\-as re- 
crystallized from dichloromethane-ethanol to give colourless 
crystals of the product (0.24 g, 81x1, n1.p. 165" (Pound: C, 
50.2; H, 3.65; Cl, 21.1. C,,H,,Cl,P,Pc1 requires C, 50.0; 
H ,  3.89; Cl, 21.05%). 

(b) trans-Chlorobis(dip/zenylnzetl~ylphospl~ine)dichlovovinyl- 
pallacliuwz. By the method used in (a) tetrakis(dipheny1- 
methylphosphine)palladiun~ (0.7 g) and trichloroethylene 
(3  ml) gave colourless crystals of the product (0.4 g, 81%), 
m.p. 156" (Found: C, 52.4; H, 4.15; Cl, l'i.Oq,. C,,H,,- 
Cl,P,Pd requires C, 52.7; H, 4.26; Cl, 16.677,). 

(6) tra~ls-Chlovobis(diphenylnzethylfihosphine)-trans- 
chlorovinylpalladiu~n. By the method used in (a) tetrakis- 
(diphenylmethylphosphine)palladium (0.7 g) and tva~zs-1,2- 
dichloroethylene (3  1111) gave white crystals of the pvoduct 
(0.36 g, 78x1, m.p. 120°(d) (Found: C, 55.6; H, 4.8; Cl, 
11.25. C,,H,,CI,P,Pd requires C, 55.7; H. 4.67; Cl, 
11.740/0). 

(d) trans-Cl~lorobis(diphen~~lmethylplzos$l~i~ze)-cis-cl~lovo- 
vinylpnllndiu~n. By the method used in (a) tetrakis- 
(dipheny1meth~-1phosphine)palladium (0.36 g) ant1 cis-1,2- 
dichloroethylene (3 ml) gave white crystals of the product 
(0.1 g, 42:6), m.p. 130" (d) which was identifietl by i.r. and 
lH n.1n.r. spectroscopy. 

P la t inutn(~~)  Bromoui)zyl Comblexes.-(a) trans-Broinobis- 
(diphenyln~etlty1~hosphine)oinylplatinzct~z. Tetrakis(di- 
phenylmethylpl~osphine)plat~num (1.3 g) In toluene (L0 ml) 
was treated with vinyl bromide (1 ml) and stirred a t  room 
temperature for 1 h ;  the clear yellon* solution was filtered 
and the solvent was removed under reduced pressure from 
the filtrate to give a yellow oil. Addition of ether to this 
gave a white solvent which was recrystallized from dichloro- 
methane-n-hexane to give white crystals of the product 
(0.45 g, SO%), m.p. 160" (Found: C, 47.3; H, 3.9; Br, 11-75. 
C,,H,,BrP,Pt requires C, 47.8; H, 4.16; Br, 11.38%). 

(b) trans-Bronzobis(dipl~e~z~~lnzetIzyl~hosphine)-trans- 
bvo?izovinylplatinu~z. By the methotl uset1 in (a) above 
tetrakis(diphenylmethy1pllosphine)platinn (0.3 g) and 
trans-l,2-rlibromoethylene (1 ml) gave white crystals of the 
pvoduct (0.35 g, 900/6), m.p. 148" [with evolution of gas to 
give a white solid m.p. 250" (d)] (Found: C 43.2; H, 3.65; 
Br, 20.55. C,,H,,Br,P,Pt requires C .  43.0; H.  3.61; Br, 
20.45%). 

Deconzpositio9z of tra~~s-B~o~~zobis(di~l~e+z~~/ii~etJ~ylpl~os- 
phinej-trans-bro~~zovinylplatinui~z in C/zlorofor~n.-fvans- 
Bromobis(diphe~lylmethylphosphine)-tvans-bron~ovinyl- 
platinum (0.1 g) in chloroform (10 ml) was stirred a t  room 
temperature for 30 min; removal of solvent under reduced 
pressure gave a white solid ~vhich was recrystallized from 
dichlorornethane-methabol to give colourless crystals of the 
product (0.09 g, 900/,), m.p. 250°(d) (Found: C, 41.5; H ,  
3.35; Br, 21.2. C,,H,,Br2P,Pt requires C, 41.4; H, 3.47; 
Br, 21.15%). 

Exawzinatio~z by g.l.c. Samples of the vinyl complex in 
chloroform were examined by g.1.c. using a Porapak R 
column a t  '70" wit11 a nitrogen carrier gas flow of l 5  lb in-2. 
Acetylene was identified by comparison of elution times 
with a pure sample of acetylene dissolved in chlorofornl. 

Reactions involving trans-Dicyanoethy1ene.-(a) Bis(di- 
phe~zyl~.lzethylphosp/zine) -tram- 1 , 2 - d i .  

l2 L. Alalatesta and Miss C. Cariello, J. Chew. S o c . ,  1958, 2323. 
l3 L. Nalatesta and Miss hI. Angoletta, J. Chem. Soc. ,  1957, 

l l X f i  - A - - .  

l"'. Chini and G. Longatli, J. C h r n ~ .  Soc.  ( A ) ,  1970, 1542. 
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Tetrakis(diphe~lyln~ethylphosphine)platinum (0.5 g) in tolu- 
ene (25 ml) was treated with trans-1,2-dicyanoethylene (0.1 
g) and stirred a t  room temperature for 1 h ;  the pale yellow 
solution was filtered and the solvent was removed under 
reduced pressure to give a pale yellow oil; addition of ether 
to this gave a white solid which was recrystallized from 
dichloromethane-n~etl~anol to give white crystals of the 
product (0.3 g, 89%), m.p. 189" (Found: C, 53.0; H, 4.35; 
N, 4.00. C,,H2,N,P2Pt requires C, 53.4; H, 4.19; N, 
4.16%). 

(b) Attempted isomerization in ethanol. Bis(dipheny1- 
methylphosphine)-trans-l,2-dicyanoethyleneplatinu~ (0.2 g) 
was refluxed in ethanol (50 ml) for 2 h to give the cyano- 
olefin-platinum starting material (0.19 g, 95%) as identified 
by i.r. spectroscopy. 

(c) Attempted isomerization with silver acetate. Bis(di- 
phenylmethy1phosphine)-trans-l,2-dicyanoethylene (0.5 g) 
in acetone (50 ml) was treated with silver acetate (0.5 g) and 
heated under reflux for 6 h to give, on work-up, the cyano- 
olefin-platinum starting material (0.46 g, 92%) as identified 
by i.r. spectroscopy. 

Reactions and Attempted Reactions of  platinum(^^) Vinyl 
Complexes with a Molar Equivalent of Chlorine.-(a) trans- 
T~ichlorobis(diphenylmethylplzosphine)trichlorovinylplatinum. 
trans-Chlorobis(diphenylmethylphosphine)trichlorovinyl- 
platinum (0.404 g) in dichloromethane (10 ml) uras treated 
with a solution of chlorine in carbon tetrachloride (1 m1 of a 
3.76% solution) and the yellow solution was stoppered and 
stirred a t  room temperature for 1 h. Removal of the solvent 
under reduced pressure gave a yellow oil which was chroma- 
tographed on silica gel using a solution of 10% ethyl acetate 
in toluene. The yellow eluate m7as filtered and removal 
of the solvent under reduced pressure gave a yellow oil 
which on treatment with ether-methanol gave yellow 
crystals of the product (0.38 g, 86%), m.p. 17Z0(d) (Found: 
40.9; H ,  3.45; Cl, 25.1. C,,H,,Cl,P,Pt requires C, 40.4; 
H, 3.15; Cl, 25.56%). 

(b) trans-Trichlorobis(diphenylnzetlzylphosphine)dichloro- 
vinylplatil.tum. With the method described in (a) trans- 
chlorobis(diphenylmethylphosphine)dichlorovinylplatinum 
(0.193 g) and a solution of chlorine in carbon tetrachloride 
(0.5 ml of a 3.76% solution) gave yellow crystals of the 
product (0.195 g, 96%) m.p. 174-175"(d) (Found: C, 42.5; 
H ,  3.75; Cl, 21.85. C,,H,,Cl,P,Pt requires C, 42.2; H, 
3.41; Cl, 22.23%). 

(c) trans-Trichlorobis(diphenyl~.lzethylphos@hine)-trans- 
chlorovinylplatinu~n. With the method described in (a) 
t~ans-chlorobis(diphenylmethylph~sphine)-t~ans-chloro- 
vinylplatinum (0.366 g) and a solution of chlorine in carbon 
tetrachloride (1 m1 of a 3.76% solution) gave yellow crystals 
of the product (0.32 g, 80%) m.p. 173"(d) (Found: C, 43.8; 
H, 3.9; Cl, 17.8. C,,H,,Cl,P,Pt requires C, 44.1 ; H, 3.69; 
Cl, 18.58%). 

Reaction of Platinunz(~v) Vinyl Conzplexes with a Molar 
Equivalent of Chlorine.-(a) trans-Trichlorobis(dipheny1- 
methylphosphine)triclzlorovinylplatinuvvl. trans-Trichloro- 
bis(dip11enylmethylphosphine) trichlorovinylplatinum 
(0.286 g) in dichloromethane (10 ml) was treated with a 
solution of chlorine in carbon tetrachloride (1 m1 of a 2.44% 
solution) for 24 h. On work-up starting material was 
recovered. 

(b) trans-Trichlorobis(dipkeny1methylphospliine)dichloro- 
vinylplatinum. trans-Trichlorobis(diphenylmethylphos- 
phine)dichlorovinylplatinum (0.278 g) and a solution of 

chlorine in carbon tetrachloride (1 m1 of a 2 4 4 %  solution) 
was set aside for 24 h. Removal of solvent gave an oil 
which on treatment with ether-methanol gave yellow 
crystals of the product (0.26 g, 90%) (Found: C, 40-8; H, 
3.3; Cl, 25.45. C,,H,,Cl,P,Pt requires C, 40.4; H, 3.15; 
Cl, 25.56%). 

(c) trans-Trichlorobis(dzphenylmethylphosp1~ine)trans- 
chlorovinylplatinzlm. By the method described in (b) 
trans-trichlorobis (diphenylmethylphosphine) -tvans-chloro- 
vinylplatinum (0.266 g) and a solution of chlorine in carbon 
tetrachloride (1 m1 of a 2.44% solution) gave an intractable 
oil which was discarded. 

Reaction and Attempted Reactions of Platinum and Pallad- 
i u m ( ~ ~ )  Vinyl Complexes zerith Hydrogen Chloride.-(a) trans- 
Chlorobis(dzpltenylmethy1phosphine) trichlorovinylplati~zum. 
trans-Chlorobis(diphenylmethy1phosphine) trichlorovinyl- 
platinum (0.25 g) in dichloromethane (25 ml) was treated 
with hydrogen chloride for 3 h. The clear solution was 
filtered and removal of the solvent under reduced pressure 
gave a white solid which was recrystallized from a dichloro- 
methane-methanol mixture to give crystals of the starting 
material. 

(b) trans-Chlorobis(diphenylmetJzylphosplii~ze)dichloro- 
vinylplatinu~n.-By the method described in (a) trans- 
chlorobis(diphenylmethylphosphine) dichlorol-inylplatirlum 
(0.20 g) and hydrogen chloride gave crystals of the 
product (0.19 g, 95%), m.p. 145-150" (Found: C, 46.3; H, 
3.75; Cl, 14-45. C,,H2,Cl,P,Pt requires C, 46.3; H, 3.74; 
Cl, 14.64%). 

(c) tra~~~~hlorobis(diphen~lmeth~lpl~ospi~i~te)trans-c/~loro- 
vinvlblatinum. Bv the method described in ia) trans- 

, A  , ! 
chlorobis(diphenylmethylphosphine)-tra?ts-chlorovinyl- 
platinum (0.20 g) and hydrogen chloride gave crystals of 
the product (0.185 g, 96%), m.p. 235" (Found: C, 46.7; H, 
3-95; Cl, 10.75. C,,H,,ClZP,Pt requires C ,  46.9; H ,  3-93; 
Cl, 10.64%). 

Examination by g.1.c. Samples of the reaction solution 
were examined by g.1.c. using a 10 f t  di-2-cyanoethyl ether 
column a t  55' with a nitrogen carrier gas flow of 15 lb in-2 
to show the presence of vinyl chloride. 

(d) trans-Clzlorobis(dzPhenylmethylphosp~~i~~e)tvichlovo- 
vinyl~a1ladium.- trans-Chlorobis(diphenylmethy1phos- 
phine) trichlorovinylpalladium (0.08 g) and hydrogen chloride 
gave crystals of the starting material on work-up. 

(e) trans-Chlovobis(diphenylmethylphosphine)dic~~lorovznyl- 
palladium.- trans-Chlorobis(dipheny1111ethylphosphine)di- 
chlorovinylpalladiun~ (0.08 g) and hydrogen chloride 
gave crystals of starting material on worlr up. 

( f )  t r a n s - c h l o r o b i s ( d i p h e n y l m e t h y l ~ ~ ~ o s p ~ z 1 o r o -  
vinylpalladiunz. By the method described in (a)  tvans- 
chlorobis (diphenylmethylphospl~ine) -tram-chlorovinylpal- 
ladium (0.1 g) and hydrogen chloride gave sellow crystals 
of the product (0.09 g, 94'79, m.p. 190°(d) (Found: C, 53.8; 
H, 4.75; Cl, 12.0. C,,H,,Cl,P,Pd requires C, 54.0; H,  
4.53; Cl, 12.27%). 

Examination by g.1.c. Samples of the reaction solution 
were examined by g.1.c. using a 10 f t  di-2-cyanoethyl ether 
column a t  55' with a nitrogen carrier gas flow of 15 lb in-% 
to show the presence of vinyl chloride. 
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