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Carbene Complexes. Part 1. Electron-rich Olefins as a Source of 
Carbene Complexes of Platinum(ii) and Palladium(ii) ; and Some Experi- 
ments with (CF3),CN2 
By D. J. Cardin, B. Cetinkaya, Engin Cetinkaya, and M. F. Lappert,' School of Molecular Sciences, University 

of Sussex, Brighton B N 1  9QJ 

The reactions of electron-rich olefins with di-p-chloro-dichlorobis(phosphine)diplatinum( 1 1 )  (and bromo-. arsine-, 
and Pd" analogues) have been investigated. In general, the product i s  the trans-Pt'I or Pd" carbene complex, 
or the cis-isomer. or a mixture of these compounds, depending on the reagents, solvent, and reaction conditions. 
The compounds are stable, crystalline, and monomeric. Bis(trif1uoromethyl)diazomefhane reacts with (i) di-p- 
chloro-dichlorobis(triethylphosphine)diplatinum(li) to give the product of insertion only into the terminal Pt-C1 
bonds, and (ii) tris(triphenylphosphine)platinum(O) to furnish the adduct Pt[(CF3)2CN2*(CF,)2C] ( PPhJ2. 
Structures and mechanisms are discussed. 

CARBENE complexes, L1LI-CYZ (I) have an extensive 
chemistry and are involved as intermediates in many 
transition metal-promoted organic reactions.2 Various 
synthetic methods are available: most of these are based 
on reactions of co-ordinated carbonyls or of pseudo-iso- 
electronic compounds such as metal isonitriles, acyls, 
imidoyls, or acetylenes ; additionally, some metal 
carbene complexes are derived from others by sub- 
stitution or addition reactions. The only organic pre- 
cursors which had previously been used as a source 
of co-ordinated carbene were the gent-dichloride 

PhCCC1,CPh [with Na,Cr(CO), * or Pd 5] or imidazolium 
salts (11) [equations (la) 5 9 6  and (lb) '1. 

I -___ 
I 

- 
f (0CLM-CNRCH:CHNR 

(n )  (a) X = [HM(CO),]-, R = Me 
(M = Cr and n = 5.4 or 
M = Fe and n = 4 8 )  

X = C10, and R = Ph 
+ HgC1, (b) 

An objective of our work was to explore the possibility 
of (i) trapping free carbenes as metal complexes, and 

Cf. D. J. Cardin, B. Cetinkaya, and M. F. Lappert, Chem. 

Cj. D. J. Cardin, B. Cetinkaya. M. J. Doyle, and M. I;. 

3 Cf. E. 0. Fischer and A. Maasbol, Angew. Chem. Internat. 

Rev., 1972, 72, 545. 

Lappert, Chem. SOC. Rev., 1973, in the press. 

Edn., 1964, 8, 580, and later papers. 

(ii) finding organic starting materials which might 
provide rather more general syntheses than those 
currently available. In this paper, which is confined to 
Pdrl and PtII complexes, we report on the following 
classes of compound : electron-rich olefins, including 
(111) and ( IV) ;  the imidazolidine (V); and the diazo- 
methane (VI). The metal substrates which were used 
are (VII) (L = a tertiary phosphine or arsine, X = C1 or 
Br, and M = Pd or Pt) and (VIII) .  A preliminary 
account of some of these results has been published.8 
Reagents (111)-(V) were chosen as potential sources of 
complexes of nucleophilic carbenes, whereas (VI) could 
in principle yield a complex of the electrophilic carbene 
(CF,),C. Structurally authenticated complexes known 
to date are of the former type. Compounds (VII) and 
(VIII)  are known to be susceptible to nucleophilic and 
electrophilic attack , respectively. 

The reactions of (111) with (VII) afforded the new 
carbene complexes of PdII or PtII, (IX) or (X), details 
for which [and others from (IV) with (VII)] are shown in 
Table 1. It will be noted that in some cases only the 
trans-complex (IX) was obtained, in others only the 
rearranged cis-isomer (X), whereas the formation of a 
mixture of (IX) and (X) was also sometimes found. *4s 
briefly described, cis-isomers, which are the thermo- 

K. dfele, Angew. Chem. Internat. Edn., 1969, 8, 916. 
K. Ofele, J .  Organometallic Chem.. 1970, 22, C9. 
K. dfele and C. G.  Kreiter. Chem. Ber., 1972, 105, 529. 
H. J. Schonherr and H.-W. Wanzlick, Chem. Ber., 1970, 

8 D. J ,  Cardin, B. Cetinkaya, M. F. Lappert, Lj. Manojlovic- 
108, 1037. 

Muir, and K. W. Muir, Chem. Comm., 1971, 400. 

system6
of 1.482 A. The phenyl rings are all twisted in the
same sense about their bonds to the heterocyclic ring,
the interplanar angles being 36.1, 47-5, and 63-4" for the
rings containing C(6), C(12), and C(l8).
Non-bonded intramolecular and the van der Waals'
contacts exhibit no unusual features.
remaining angles are not fixed but they are restricted to
a few values. The angle.at C(1) is close to 110" while
that a t C(2) may be 110 or ca, 140"; the resulting angles
for C(3) are then 160 or ca. 110". Thus even with some
physically acceptable angles in the ring , geometrical
constraints can give very unfavourable values for the
other ring angles.
The phenyl groups have their usual. geometry with C-C
1-388A and C-C-C 120" as mean values. The bonds
joining these rings to the arsenin ring have a mean
We thank Professor G. Mark1 for the sample of crystals
[2/1955 Received, 17th Aztgztst, 19721
used.
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TABLE 1 

PtlI and PdIr carbene complexes from electron-rich olefins (111) or (IV) with halogen-bridged metal 
complexes (VII) , and their characterisation 

515 

Compound 
I I  

l-----l 

r-----l 
~Y~~zs-RC~,(CNP~CH,CH,NP~) (PBun,) 

t r a n s - P t C 1 , ( ~ N P h )  (PBle,Ph) 
I 1  

trans-PtCI,(CNPhCH&H,NPh) (AsEt,) 
I 1  

Irans-PdCl,(dNPhCH,CH,PITPh) ( PBun,) 

Iva~ts-PtCl,(CNMe*C,H,-S-o) (PEt,) 
I- 

cis-PtCl,(CNbZe*C,H,*S-o) (PEt,) 

trans-PtBr,( CNiMe-C,H,*S-o) (PEt,) 

I T  
cis-PtBr,(CNMe-C,H,-S-o) (PEt,) 

trans-PtCl,(CNMeC,H,*S-o) (PBun,) 

cis-PtCl,(CNMe.C,H,.S-o) (PBun,) 

cis-PtCl,(CNMeC,H,*S-o) (PMe,Ph) 

r----l 
cis-PdCl,(CNMe-C,H,*S-o) (PEt,) 

T 1  
cis-PdCl,(CNMeC,H,-S-o) (PBu",) 

I 7  
tvaxs-PtCl,(CNMeCH,CH,NMe) (PE t3) 

r-----l 
cis-PtCl,(CNMeCH,CH,NMe) (PEt,) 

trans-PtBr,(CNhleCHzCHzNMe) (PEt,) 
m 

cis-PtBr,(CNMeCH,CH,NMe) (PEt,) 

I r a n s - P t C l , ( ~ M e )  (PPm,) 
I 7  

cis-PtCl,(CNMeCH,CH,NMe) (PPrn,) 

1 - 7  
tuans-PtCl,(CNMeCH,CH,NMe) (PBun,) 

cis-PtCI,( CNMeCH,CH,NMe) (PBun,) 

cis-PtCl,(CNMeCH,CH,NMe) (PMe,Ph) 
I 7  

trans-PtCI,(CNMeCH,CH,NMe) (AsEt,) 
1 - 7  

cis-PtCl,(CNMeCH,CH,NMe) ( AsEt,) 
m 

cis-PdCI,(CNMeCH,CH,NMe) (PEt,) 

cis-PdCl,(=Me) (PBun,) 

tYans-PtC1, (CNPhCH,CH,NPh) (PEt,) 

trans-PtBr,(CNPhCH,CH,NPh) (PEt,) 

~vu~s-P~C~,(CNP~CH,CH,NP~) (PEtJ 

-1 

11 

r----l 
r-----l 

I! 

r-----l 

I - - - 1  

r----l 

N O .  
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

R1.p. ("C) 
201-205 

187-190 

130-1 32 

197-199 C 

188-190 ' 

197-200 

146-146 

156-158 

280-290 f 

172-173 

250-275 f 

89-93 

256-258 

259-260 

200-255 f 

210-270 f 

183-185 

ca. 2801 

172-1 75 

268-2 73 

133-134 

188-1 95 

95-96 

167-168 

240-246 f 

138-1501 

200-240 f 

ca. 246h 

186-188 

Yield 

50 

64 

73 

16 

37 

17 

44 

25 d 

46 d 

20 d 

50 4 

58 d 

18 

43 

57 

67 

82 d 

4 a  

26 d 

23 d 

15 d 

21 d 

33 d 

15 

42 

30 

16 d 

24 

26 

(%) Colour 
Pale 

Yellow 

Yellow 

Pale 

Pale 

Pale 

Yellow 

Yellow 

Pink 

Ycllow 

Pink g 

Yellow 

Pink 

Pink II 

Buff g 

Buff 

Pale 

White 

Yellow 

White 

Pale 

White 

Yellow 

White 

White 

Yellow 

White 

White 

White 

yellow 

yellow 

yellow 

yellow 

yellow 

yellow 

Found (Required) (%) -- 
C H N  c1 

41.5 5-0 4-6 11-7 
(41.6) (4.8) (4.6) (11-7) 
36-9 4-2 4-1 

(36-3) (4.2) (4.0) 
45-4 5-8 4-0 

(46.9) (5.9) (4-1) 
43.9 4.1 4.3 11.9 
(44.1) (3.7) (4-5) (11.36) 
38.8 4-3 4.4 

(38-8) (4.5) (4.3) 
48.7 6.8 5.6 

(48.7) (5.6) (5.6) 
54.0 7.0 4.7 

(53.9) (6.8) (4.7) 
31.7 4.2 2-7 

(31.5) (4-1) (2-6) 
31.7 3.9 3.0 

(31.5) (4-1) (2.6) 
27-8 3-6 2.4 
(27.0) (3.6) (2.3) 
28-1 3.6 2.4 

(27.0) (3.5) (2.3) 
38-9 5.6 2.2 

(38.9) (5.5) (2-3) 
38.6 5-4 2.3 

(38.9) (6.5) (2.3) 
34-6 3.3 2.5 
(34.8) (3-3) (2.5) 
38.4 5-0 3.5 153 
(37.8) (5-0)  (3.2) (16-0) 
45-8 6-5 3.0 

(45.4) (6.4) (2.7) 
27-9 5.3 5-7 

(27-4) (5.2) (6.8) 
28.0 5-3 6.0 

(27-4) (5.2) (5.8) 
23-7 4.4 4.8 

(23-1) (4.4) (4.9) 

(23-1) (4.4) (4.9) 
32-6 6.2 5.2 

(32.1) (6.9) (5.36) 
32-3 6.2 5-4 

(32.1) (6.9) (5-35) 
35.2 6.6 4-8 

(36-0) (6.5) (4.9) 
36.1 6-4 4.9 

(36.0) (6.6) (4.9) 
31.1 4.3 5.5 16-0 

(31.1) (4-3) (5.6) (14.15) 
25.1 4.7 5.8 

(26-1) (4.8) (5.3) 
26.0 4-8 6.1 

(25.1) (4.8) (5.3) 
33.6 6.4 7.8 

(33.5) (6.3) (7.1) 
43.2 8.1 6.8 

(42.8) (7.8) (5.9) 

23.8 4.5 4.8 

Found 
(Required) 

M 
597 

(606) b 

620 
(650) b 

615.8 
(601.5) b 

53 1 
(553) = 

482 
(482) 
672 
(482) 
543 
(671) 

656 
(666) 6 

736 
(566) 

866 
(626) c 

Partial melt. b In C,H, solution. 
separated from a mixture of isomers. 
intensely coloured impurity. 

0 Resolidifies at 200". 
6 In  CHCl, solution. 

Decomposes without melting. 

d These yieIds are misleading: the cis and trans-complexes were 
p Should be white; the colour is probably due to f Decomposes. 
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dynamically more stable, may be formed by thermolysis 
of trans-complexes;s this aspect, as well as other 
features of the chemistry of carbene complexes, is 
described in Part II.l0 All compounds have been 

R R Me 

Ph 

identified by spectroscopic means ; single crystal 
X-ray data (obtained by Drs. Lj. ManojloviC-Muir and 
K. W. Muir) of an example of each of (IX) and (X) 
(L = PEt,, X = C1, M = Pt, and R = Ph) are avail- 
able.g I.r., lH, and 31P n.m.r. spectroscopic results for 
all compounds (including those reported in Part II), 
especially features relevant to discussions of the trans- 
influence of the carbene ligand, are discussed in Part 
IV,ll and data from 13C 1i.m.r. spectra are presented in 
Part III.12 

R R 

Reactions of EIectron-rich OleJim and an Imidazo1iite.- 
Electron-rich olefins, such as (111) or (IV), are good 
reducing agents and have a weak C=C bond.13 Con- 
sistent with this, they have an exceptionally low first 
vertical ionisation potential (ca. 6 eV; cj. Na, 5.1 eV) l4 

and are expected to be good nucleophiles. At one time 
they were thought to dissociate into two nucleophilic 
carbene fragments in solution,15 but this has been 
discounted by negative cross-over experiments using 
two different olefins (111; R = Ph or $-MeC,H,); l6 

nevertheless, cross-over is achieved catalytically, e.g., 
using certain RhI complexes, but a PtII compound 
(IX; L = PEt,, X = C1, M = Pt, and R = Ph) was 
inactive.17 

9 D. J. Cardin, B. Cetinkaya, E. Cetinkaya, M. F. Lappert, 
Lj. Manojlovi&Muir, aAd K. W. Muir, J. Organometallic Chem., 
1972, 44, C59. 

10 Part 11, B. Cetinkaya, E. qetinkaya, and M. F. Lappert, 
J .C .S .  Dalton, 1973, in the press. 

11 Part IV, D. J. Cardin, B. Cetinkaya, and M. F. Lappert, 
J.C.S. Dalton, 1973, in the press. 

12 Part 111, D. J. Cardin, B. Cetinkaya, E. qetinkaya, M. F. 
Lappert, E. W. Randall, and E. Rosenberg, J.C.S. Dalton, 1973, 
in the press. 

When heated under reflux in xylene (10 min) with 
di- 11-chloro -dichlorobis (triethylphosphine) diplatinurn( 11) , 
(VII; L = PEt,, X = C1, M = Pt), the CC double bond 
in 1,1’,3,3‘-tetraphenyl-2,2’-bi-imidazolidnylidene (IIIb) , 
was cleaved to afford the trans-carbene complex (IX; 
L = PEb,  X = Cl, M = Pt, and R = Ph). This 
complex was also obtained from the reaction of the same 
platinum dimer (VII) and the imidazoline (V). The 
latter is, however, known to yield the olefin (IIIb) when 
heated in xylene under reflux.18 When a platinum 
dimer (VII) was heated with the olefin (IIIb) an insoluble 
solid, believed to be (on grounds of insolubility and i.r. 
spectrum) the salt [ Pt XL,] + [PtX, (I I I b)] -, separated 
out; this was a minor product (the carbene complex 
remains in solution). The trans-palladium complexes 
(IX; L = PEt, or PBun3, X = C1, M = Pd, R = Ph) 
were prepared using the appropriate olefin (IIIb) and 
dimer (VII). In  the preferred procedure for the prepar- 
ation of trans-complexes (IX; R = Ph), a hot solution 
of the chosen dimer (VII), in xylene, was added dropwise 
to a refluxing solution of the olefin (IIIb) in xylene, in 
1 : 1 stoicheiometry. For the Pd compounds, the yields 
were low (ca. 20%) probably owing to thermal de- 
composition. However, unless heated at  140” for 
10-20 min, carbene complexes were not isolated using 
this olefin. It is noteworthy that with the latter only 
trans-isomers (IX) were obtained, whereas (IIIa) or 
(IV) gave cis-complexes (X), or mixtures of isomers, 
(IX) and (X). The ratio of cis- to trans-isomers markedly 
depends on the temperature of reaction. cis-Isomers 
are soluble in chloroform (except for compounds 9, 14, 
and 15, see Table 1) but insoluble in benzene and they 
are much less soluble than their trans-analogues.1° 

For the preparation of carbene complexes, the choice 
of solvent is important. For example, the olefin (IV) 
with a platinum dimer (VII; M = Pt) in xylene at 
ca. 90” invariably afforded a cis- and tram-mixture. 
However, when the same olefin and a palladium dimer 
(VII; M = Pd) were heated in xylene, no carbene 
product was identified, whereas in DMF at  ca. go”, cis- 

PdCl,(CNMe-C,H,=S-o)L (L = PEt, or PBun,) was 
obtained in high yield. 

These reactions were extended to other olefins in 
order to determine the scope of the reactions and also to 
prepare more soluble cis-derivatives for spectroscopic 
studies.l1.l2 In order to overcome the solubility problem 
ligands containing long alkyl chains were employed. 
Triethylarsine complexes were made in order to avoid 
the complication of phosphorus coupling in the n.m.r. 
spectra. 

lS Cf. R. W. Hoffmann, Angew. Chem. Internat. Edn., 1968, 

14 B. Cetinkaya, G. H. King, S. S. Krishnamurthy, M. F. 

15 H.-W. Wanzlick, Angew. Chem. Internat. Edn., 1962, 1, 75. 
l6 D. M. Lemal, R. A. Lovald, and K. I. Kawano, J .  Amer. 

1’ D. J. Cardin, M. J. Doyle, and M. F. Lappert, J.C.S. Chenz. 

18 H.-W. Wanzlick and E. Schikora, Chern. Ber., 1961, 94, 

1- 1 

7, 754; N. Wiberg, ibid., p. 766. 

Lappert, and J.  B. Pedley, Chem. Comm., 1971, 1370. 

Chem. SOC., 1964, 86, 2518. 

Cornm., 1972, 927. 

2389. 
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Several observations (i)-(iii) were made regarding the 

variations in the olefin and the dimer. (i) Among the 
olefins, reactivity decreases in the order (IIIa) > 
(IV) > (IIIb), which reflects the progressive decrease in 
electron-richness of the olefin. As an example, although 
(IIIa) reacts with (VII) a t  ambient temperature, (IV) 
reacts with (VII) only a t  or above 90". On the other 
hand, (IIIb) does not yield carbene complexes unless 
heated a t  140" (ca. 10 min). The solubility for the 
resulting carbenes (cis or trans) increases in the order 
(IIIb) < (IV) < (IIIa). A further point relates to the 
isomer specificity for the initially formed reaction 
product from treatment of (VII) and the olefin in 
refluxing xylene. Thus (IIIa) and (IV) gave cis- and 
trans-mixtures of carbene complexes, whereas (IIIb) 
gave only the trans-isomer. (ii) Among the dimers 
(VII), palladium species appear to be more reactive 
than the platinum analogues. The yield and solubility 
is greater for bromo- rather than chloro-complexes, but 
no clear distinction in reactivity was noted between 
them. (iii) Dimethylphenylphosphine is the least re- 
active of all the ligands (L) and it also differs from the 
others by not giving trans-carbenes when the dimer 
(VII; M = Pt, L = PMe,Ph) is treated with the olefins 
(111) or (IV). 

It is known that ethylene and Pt,Cl,(PEt,), yield the 
x-complex C ~ S - P ~ C ~ , ( C , H , ) P E ~ ~ . ~ ~  It seems possible, 

X I CYZ 

I CYZ 
M,X,L2 + ZZYC=CYZ __j 2L-M--)I 

X 
(XI) 

SCHEME 1 

therefore, that co-ordination of the electron-rich olefin 
is the initial step in the formation of a carbene complex, 
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isolable products. But almost all reactions involving 
electron-rich olefins and cleavage of the bridged dimers, 
proceeded through highly coloured stages , suggesting 
intermediate(s). 

A x-complex (XI) could decompose to furnish a 
carbene complex by one or other of the reaction paths 
(a)-(d) shown in Scheme 2; (c) and (d) require a bi- 
molecular mechanism and free carbene is not implicated. 
Trapping experiments a t  present provide no evidence 
for the participation of a free carbene XYZ. 

The compounds shown in Table 1 are stable towards 
air and water, whereas the parent olefins are extremely 
sensitive to oxygen and moisture. The complexes were 
characterised by analysis, molecular weight determin- 
ation, i.r., lH, W ,  and 31P n.m.r., and mass spectra.l1,l2 
They are diamagnetic and their lH n.m.r. spectra in 
CDC1, showed the expected patterns with satisfactory 
integration. All the complexes gave parent molecular 
ions in the mass spectra. The monomeric formulation 
for the complexes was confirmed by osmometric mole- 
cular weight determination. It is surprising that the 
cis-isomers have high (up to 50%) molecular weights; 
we note that (X; L = PEt,, X = C1, M = Pt, R = Ph) 
is a monomer in the crystalmg 

Reactions of Bis(tri~~oromethyZ)diazolnethane.-Diazo- 
alkanes, ZYCN,, are well known as precursors of the 
carbenes XYZ. Their decomposition may be catalysed 
by transition metal salts. Copper compounds have 
often been employed. There is much evidence that 
metal carbene complexes are intermediates., Bis( tri- 
fluoromethy1)diazomethane has frequently been used.20 
Insertion of (CF,),C: into an M-X bond was found for 
(OC),Mn-H, trans-(Et,P),ClP t-H, (OC),Co-Co (CO),, or 
C1( PhCN),Pd-C1,21 whereas with trans-IrCl(C0) (PPh,Me), 
the adduct was believed to be the carbene complex 

" 4  I 

X 
I 
I 

L-31- 

x 
CYZ + :cyz -- X 

L-IVl-CYZ I 1 d,, 
L-h-CYZ + i-YZC=CYZ 

I 
x 

SCHEME 2 

as shown in Scheme 1. Attempts to isolate such an 
intermediate x-complex (XI), by using a (2-3) fold 
excess.of (IIIa) with Pt,C14(PEt3), a t  20°, gave cis- and 
trans-carbene complexes, (IX) and (X), as the only 

la J .  Chatt, N. P. Johnson, and B. L. Shaw, J .  Chenz. SOC., 

20 J. Cooke, W. R. Cullen, M. Green, and F. G. A. Stone, 
1964, 1662. 

J .  Chewt. SOC. ( A ) ,  1969, 1872. 

IrCl(C0) (PPh2Me),[C(CF,),]. Reactions of diazoalkanes 
with inorganic conipounds have been reviewed.22 

Bis (trifluoromet hyl) diazome t hane reacted with (i) di- 
tL-chloro-dichlorobis(triethylpliosphine)diplatinum(II) in 

2I J. Ashley-Smith, J. Clemens, M. Green, and F. G. A. Stone, 
J .  Ovganometallic Chem., 1969. 17, P23. 

s2 M. F. Lappert and J. S. Poland, Adv. OrganometaZZic Chenz., 
1970, 9, 397. 
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ether at 20" to give the insertion product (XIII) [equation 
(2)], and (ii) the PtO complex (VI) in benzene at  -16" to 
give the adduct (XIV) [equation (3)]. Compound 

Pt  (PPh,), + 3 (CF,),CN, 

I (3) 
PtCICF3)2CN2(CF3)2C3( PPh,), + Ph3P*N2C(CF3), + N, 

(xnr, 
(XIII), the first example of the series Pt,C1,R2L2, was 
characterised by its Lr., 19F n.m.r., and mass spectra 
(Table 2). The mass spectrum (100') showed the 

insertion product (XIII) was also treated with bromine 
in the expectation of obtaining (CF,),CBrCl by cleavage 
of the Pt-C bond. This product was not detected in the 
mass spectrum, but the residue afforded bromo-bridged 
complex (VII; L = PEt,, X = Br, M = Pt). 

There are indications that di-p-chloro-dichlorobis- 
(dimethylphen ylphosphine) diplat hum( 11) reacts in the 
same manner with (CF,),CN, to give bis(trifluor0- 
methyl) met hylene insertion into the terminal P t-C1 
bonds. The reactions of other diazoalkanes, such as 
t rimet hylsilyldiazomet hane, phen yltrimet hylsilyldiazo- 
methane, and diazoacetic ester with Pt2C14(PEt,), were 
also examined; nitrogen was evolved at  20°, but no 
products were characterised. Polymethylene was ob- 
tained from this platinum complex and diazomethane. 

Compound (XIV) , the characterisation of which 
initially established merely its composition as 
Pt[(Cf;,),CN,*(CF,),C] (PPh,),, was then examined by 
spectroscopic (Table 2) and X-ray diffraction methods. 
However, we became aware of its preparation, from 
different starting materials, by colleagues at  Bristol, who 
had completed a single crystal X-ray analysis (XVI).a 
Spectroscopic and preliminary X-ray data (Table 3) 
confirmed that the two compounds were identical and 
further investigation at Sussex ceased. 

The mechanism of formation of (XVI) may involve 
initial electrophilic carbene complex formation 

TABLE 2 

Some data on the platinum(I1) complexes froin bis(trifluoromethy1)diazomethane 
Yield 

Compound Appearance M.p. ("C) (%) M arb Selected i.r. data c Selected lDF n.m.r. data d 

(XIII) Yellow 163-166 74 1076 (1068) v(PtC1) 308-266 G1-38 [s, ](Pt-F) 78 Hz] 

(XV) e White 96-97 72 v(NH) 3372, 3204, 3188, 
crystals 

crystals 3160, 3118 

cubes 63-52 (m, unresolved) ; 

v(PtC1) 307 
(XIV) Orange 200 (clec.) 50 1067 (1047) v(CN) 1560 59-46 [d, J(P-F) 10 Hz, J(Pt-F) 77 Hzj; 

66-82 [q, J(app) 6 Hzl 
0 Calculated values in parentheses. b In C,H,, isopiestically. e Max. in cm-l for Nujol mulls. d Chemical shifts expressed 

in 6 (p.p.m.) (rel. to CFC1,). e Stereochemistry has not been determined but chloro-bridged platinum(1r) diniers are known to 
react with amines to give coniplexes of the type PtCl,(aminc)(PR,), which invariably have the trans-configuration (J. Chatt and 
L. 31. Venanzi, J .  Chcnr. SOL, 1956, 3868). 

highest peak at m/e = 534, which corresponds to the 
monomer P tCl[ClC (CF,) ,] PEt,. However, there were 
other peaks above that of the monomer ion, when the 
spectrum was run at lower temperature, although the 
parent ion for the dimer was not observed. Molecular 
weight determination of a benzene solution of (XIII) 
confirmed the dimeric formulation. 

The bridge-splitting reaction [equation (4)] of (XIII) 
with p-toluidine to give (XV) (for details, see Table 2), 
provides further evidence for structure (XIII). The 
2p-NeC,H,.NH2 + (XIII) --+ 

PEt, 

I 
I 

2C1-Pt-CC1(CF3) , (4) 

TABLE 3 
Crystal data for three samples of compound (XIV) 

Sample System group a b c beta 2 
A "  Monoclinic P2Jc 12.G4 23-51 16.76 119-5 4 
B b  Monoclinic 30-9 13.01 21-5 109 c 

C d  Monoclinic C2/c 31.155 13-091 21.828 109.24 8 
Q Data obtained by Dr. I<. W. Muir on a sample prepared 

as indicated in the text and recrystaliised from CHC1,- 
n-C,H,,. Data obtained by Dr. K. W. Muir on a sample 
prepared as indicated in thc text and recrystallised from 
CH,Cl,. c These were left incomplete when it became ap- 
parent that samples B and C were identical (also indicated 
by data of Table 2 and comparison with results from Bristol). 
d Data obtained by Prof. R. E. Davis (personal communic- 
ation to Dr. K. W. Muir) on a sample prepared by Dr. hf. 
Green, Prof. F. G. A. Stone, and their co-workers, and cry- 
stallised from CH,Ci,. 

Space- 

@-Me-C,H4dH, 23 J.  Clemens, R. E. Davis, M. Green, J .  D. Oliver, and 
(XV) F. G. A. Stone, Chsm. Comm., 1971, 1096. 
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[Pt(PPh,),C(Cf;,),], subsequent 1,3-dipolar addition 
thereto of (CF,),CN, to give (XVII) (this structure had 
been considered 22), and finally re-arrangement to (XVI) . 

C-CF, 
I 

/ \  
P h3P 

cF3 

EXPERIMENTAL 
General Procedures.-Carbon, hydrogen, and nitrogen 

analyses mere carried out in our Microanalytical Laboratory 
by Mr. and Mrs. A. Olney. Chlorine, fluorine, and phos- 
phorus analyses were by the Bernhardt Mici-oanalytical 
Laboratory, Hohenweg, n7est Gcrniany. Infrared (to 250 
cm-l) spectral samples were examined as Nujol or hexa- 
chlorobutadiene mulls, or solutions in organic solvents, 
using Perkin-Elmer 337 (4000-400 cni-l) and 457 (4000- 
250 cm-l) grating spectropliotometers. lH N.m.r. spectra 
were recorded on Varian Associates HA 100 or T 60, 
spectrometers, using saturated solutions for sparingly 
soluble compounds or solutions of ca. 1 mniol in 10 ml 
concentration. Mass spectra were obtained with an A.E.I .  
MS 9 double-focussing instrument. M.p.s were taken in 
capillary tubes, in vacuo for air- or moisture-sensitive 
compounds, and readings are uncorrected. Molecular 
weights were determined either isopiestically in benzene or 
chloroform using a Mechrolab 301A vapour pressure 
osmometer, or mass spectrometrically from parent ion 
peaks. Hydrocarbon and ether solvents were dried over 
fine sodium wire, chlorinated solvents by distillation from 
phosphorus pentoxide, and alcohols by distillation from their 
corresponding magnesium alkoxides. Dimethylamine was 
dried over sodium wire a t  -115". 

Due to the oxygen- and moisture-sensitivity of many of 
the compounds used, reactions were performed under pure 
dry nitrogen, and apparatus was flamed out ' before use 
and allowed to cool under vacuum, and then filled with 
pure dry nitrogen. 

Starting materials were prepared and purified according 
to literature niethocls: Pt(PPh3),,24 Pd,C14(PR3)2,2S 

I--I 
Pt2C14(PR,),,26~ 27 (CF3),CX2,28 (PhNCH,CH2PhNC)2,29 

1 --1 1 1 
PhNCH,CH,PhNC(CCl,)H,'B (MeNCH,CH,MeNC)2,30 

I-- --I 
(c-S*C,H,*M~NC),,~~ [(Me,N)2C],.32 Since 1,1',3,3'-tetra- 
methyl-2,2'-bi-imidazolidinylidene is solid a t  room tem- 
perature, it  was warmed to 60" before USC and dispensed 
by means of a warm syringe. 

24 R. Ugo, F. Cariati, and G. La Monica, Inorg. Synth., 1968, 
11, 106. 

25 J. Chatt and L. M. Venanzi, J .  Chem. SOC., 1957, 2361. 
z6 R. J. Goodfellow and L. M. Venanzi, J .  Chem. SOC., 1065, 

27 J. M. Jenkins and B. L. Shaw, J .  Chem. SOC. ( A ) ,  1966, 770. 
28 D. M. Gale, W. J. Middleton, and C. G. Krespan, J .  Amer.  

7533. 

Chetn. Soc., 1966, 88, 3617. 

Renctioizs of I, l', 3,3'-Tetraphenyl-2,2'-Bi-imidazolidiszyl- 
idene (I11 ; R = Ph) .-(a) With rti-~-chloro-dichEorobis- 
(trietlzyZphospl~ine)di~lutinum(~~). The olefin (0.4620 g, 
1-04 mniol) and the platinum complex (0-7680 g, 1-00 mmol) 
were heated under reflux in xylene (40 nil) for 10 min; the 
colour lightened and heating was continued for another 
50 inin. The mixture was allowed to cool, and then 
filtered. The yellow residue [Found: C, 45.7; H, 4-5; 
N, 6.1%; v(PtC1) 330, 276 cm-l; insoluble in organic 
solvents and not further identified] was washed with 
benzene (25 inl). The benzene and xylene solutions were 
combined and evaporated to  ca. 15 ml. Methanol was 
added to obtain crystals, which were recrystallised (MeOH) 
to give trans-dichloro( 1,3-di~~~eityli~nidazolidin-2-y~id~ne) (tri- 
et~zyZphosplzine)PZatin~~(II) (0.6100 g) 

(b) With di-p-bro~no-dibronzobis(trietlylplzosplaine)di- 
pEatinum(I1). Using a similar procedure, the platinum 
complex (0.9460 g, 1.00 mmol) and the olefin (0.4440 g, 
1 mmol) afforded trans-dibronzo( 1,3-di~henylirnidazolidin- 
2-ylidene) ( tv ie thy lphosp~ine)p l~~i~zum(r~)  (0.8920 g) . 

(c) With di-p-chloro-dichlorobis (tri-n-butylphosphine) - 
dipEatinum(I1). A hot solution of the platinum complex 
(0.9360 g, 1.00 mmol) in xylene (15 ml) was added to a hot 
solution of the olefin (04440 g, 1.00 mmol) in xylene (20 ml). 
A dark orange solution formed. Upon heating (20 niin, 
reflux) it became yellow, and after a further 10 niin the 
solution became cloudy. The mixture was allowed to cool 
to 20"; the yellow solid (0.2600 g) [Found: C, 45.0; H, 
5.7; N, 4.0%; v(PtC1) 330, 270 cm-l] was filtered off 
and dried. The yellow filtrate was evaporated to ca. 4 ml 
and ether (10 ml) was added. Filtration followed by 
cooling gave a solid which was recrystallised (CHC1,-Et,O) 
to obtain trans-dichloro( 1,3-diphenylintidnzoEinin-2-ylidene) - 
(hi-~z-butyZpl~os~lzine)platinum (11) ( 1.0 120 g) . 

(d) With di-p-chloro-dic?~lorobis(~ii.lizctlaylphenylp~iosphilze)- 
dipEalinuna(Ir). The platinum complex (0.4040 g, 0-50 
mmol) and the olefin (0.2220 g, 0.50 mmol) were mixed in 
xylene (25 mi). The mixture was heated under reflux for 
1 h. The clear, hot supernatant liquor was decanted and 
the solvent was removed in vacuo. The residue was 
purified by treatment with aqueous niethanolic hydrogen 
chloride and by washing with ether. Finally, i t  was re- 
crystallised (CHC13-Et20) to obtain trans-dichloro (1,3- 
diphenylinzizidazolidin-2-ylidene) (d inze th~y l~ l~e~~y lp I~osp l~ i~ae )  - 
platinum(I1) (0.1002 g). 

(e) Witlh ~i-p-chloro-d ichlorobis ( t~ ie t l iy lars i~ze)d i~la t i~~u~~z-  
(11). A hot solution of the platinum complex (0.6257 g, 
0-73 mmol) in xylene (15 ml) was added to a boiling (reflux) 
solution of the otefin (0.3241 g ,  0.73 nimol) in xylene (25 ml). 
A dark red solution formed, which turned black after 5 
inin; the mixture was allowed to cool and was then filtered. 
The volume of the filtrate was reduced to ca. 15 ml and 
hexane (20 nil) was added to obtain a solid, which was 
washed with a solution of hydrogen chloride in ether 
(15 ml). Recrystallisation (CHC1,-Et,O) gave trans- 
dichloro ( 1,3-diphenylirnidazolidin-2-ylidene) (triethylwsine) - 
platinztvla(I1) (0-3528 g). 

When the xylene-insoluble dark residue was treated with 

29 H.-W. Wanzlick, Org. Synth., 1967, 47, 14. 
30 H. E. Winberg, Chem. Abs., 1966, 64, 16,854h; H. E. 

Winberg, J. E. Carnahan, D. D. Coffman, and M. Brown, J .  
Amer.  Chenz. SOC., 1966, 87, 2056. 

31 H.-W. Wanzlick, H.-J. Kleiner, I. Lasch, H. U. Fuldner, 
and FI. Steinmaus, Annalen, 1967, 708, 155. 

32 R. L. Pruett, J. T. Barr, K. E. Rapp, C. T. Bahner, J .  D. 
Gibson, and R. H. Lafferty, J .  Amev. Cltcin. Soc., 1950, 73, 3646. 
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chloroform (10 ml) i t  gave a dark yellow filtrate, from which 
a yellow solid [Om210 g; v(PtC1) 328, 270 cni-l] was pre- 
cipitated by addition of ether (15 ml). 

(f) With di-~-ehloro-dichlorobis(triethylphosphi~e)dipalla- 
dium(I1). The palladium complex (0.5908 g, 1-00 mmol) 
and the olefin (0-4440 g ,  1-00 mmol) were heated in xylene 
(30 ml). When the temperature reached ca. 110" some 
decomposition set in, but heating was continued up to 140". 
The mixture was allowed to cool, was then filtered, and the 
filtrate was evaporated to dryness. The residue was 
washed several times with ethereal hydrogen chloride and 
then methanol to yield trans-dichloro ( 1,3-diPhenylinzidazo- 
1 idin-2-ylidene) (triethy Zphosphine)Palladium ( 1 1 )  (0- 17 62 g) . 

( g )  With di-p-ckloro-dichlorobis(tri-n-butylp~~osphine)di- 
palladium(r1). A hot solution of the palladium complex 
(1-5200 g, 2-00 mmol) in xylene (40 ml) was added to a 
boiling (reflux) solution of the olefin (0.8880 g, 2-00 mmol) 
in xylene (35 ml) ; a red solution was formed. Immediately 
after the addition was completed, the solution became dark 
and opaque, During heating under reflux (8 min), the 
colour became yellow and a black precipitate was formed. 
After cooling to 20", the volume of the solution was reduced 
to ca. 30 ml. Filtration gave a xylene-insoluble yellow 
solid (0.2796 g )  (Found: C, 55.7; H, 7.2; N, 5.8%). 

The oily 
residue was washed with light petroleum (b.p. 40-60", 
20 ml), then with ether ( 2  x 15 ml). The residue was 
dissolved in chloroform and ether was added. Crystals 
(0.7351 g) were formed and were filtered off, washed with 
ether, and identified as trans-dichloro ( 1 , 3-diphenylinzidnzo- 
lidin-2-ylidene) (tri-n-butylphosphine)palladium ( 1 1 ) .  The fil- 
trate yielded further crystals (0-3329 g) at -20". 

The yellow light petroleum and ether washings were 
combined. Solvents were removed in  uacuo and the 
residue was dissolved in the minimum volume of methanol 
to yield trans-dichlorobis(tri-n-buty1phosphine)palladium- 
(11) (0.2000 g) (Found: C, 50.4; H, 9-6. Calc. for 
C2.H&1,PZPd : C ,  49.55 ; H, 9.3%). 

Reaction of 1, 3-Di~he~tyl-2-trichloromethy2imidazoEidine, 
(V), with Di-p-chloro-dichlorobis(triethy1phosphine)di- 
platinum(I1) .-The imidazolidine (1-0073 g, 2-95 mmol) and 
the platinum compound (0-7060 g, 0.92 mmol) were heated 
in xylene (40 ml) under reflux for 1.5 h. After cooling to 
20°, the reaction mixture was filtered and the filtrate was 
evaporated to dryness. The brownish residue was washed 
with a mixture of methanol (15 ml) and ether (15 ml 
saturated with HC1). Recrystallisation (MeOH, 70 ml) 
afforded needles of trans-dichloro( 1,3-diphenylimidazolidin- 
2-ylidene) (triethylphosphine) platinum ( 1 1 )  (0.5640 g, 50 yo) 
(Found: C, 41.9; H, 4 . 9 ;  N, 4.9%). 

Reactions of Bis (N-methylbenzodhiazolinylidene) (IV) .- 
(a) With di-~-chloro-dichlorobis(trietltylphosphi~ze)diplati- 
w m ( I 1 ) .  The olefin (0.1490 g, 0.50 mmol) and the platinum 
complex (0.3840 g, 0-50 mmol) were heated in xylene 
(30 ml). A dark red precipitate was formed a t  ca. loo", but 
heating was continued a t  140" for 10 min. After cooling to 
20°, the precipitate was filtered off and washed with 
acetone and ether to  give cis-dichloro(N-methylbenzo- 
thiazolinylidene) (tviethylphosphine)platilzum(II) (0-2241 g) . 

Addition of n-hexane to the xylene filtrate caused pre- 
cipitation of crystals of the trans-isomer (0.1330 g), which 
were recrystallised (Me,CO) . 

(b) With di-~-bvoM.zo-dibromobis(triethylphosfihiize)diplati- 
num(I1). From the platinum complex (0.9480 g, 1-00 
mmol) and the olefin (0-2980 g, 1-00 mmol) using the 

The yellow filtrate was evaporated to dryness. 

procedure of (a), cis- (0.6200 g) and trans- (0-2490 g) di- 
bromo (N-nzethylbenzothiazoliny lidene) (triet~zyZ~lzosphine) - 
platinum ( 1 1 )  were obtained. 

(c) With di-~-chEoro-dichZorobis(tri-n-butylphosphine)di- 
pZatinunz(I1). The mixture of platinum complex (0.9360 g, 
1-00 mmol) and olefin (0.2980 g, 1-00 mmol) was heated 
(10 min) under reflux in xylene (25 ml). The hot solution 
was decanted to remove matter which adhered to the 
reaction vessel. Upon cooling, the liquor gave crystals, 
which were recrystallised (Me,CO a t  - 20") and identified 
as cis-dickZoro (N-methylbenzothiazolinylidene) (tri-;lz-butyl- 
p~zosphine)platinum(II) (0-2250 g) . The filtrate was evapor- 
ated and the residue was dissolved in benzene and passed 
through an alumina column. A yellow- eluate was collected, 
benzene was removed in  zlacuo, and recrystallisation 
(MeOH) gave the trans-isomer (0.7200 g). 

(d) With di-~-ehloro-dichEo~obis(dimethyZphenyl~hos~~~i~te)- 
dipZntinum(II). The platinum complex (0-4040 g, 0.50 
mmol) and the olefin (0,1490 g, 0.50 mmol) were mixed in 
xylene (35 ml). The flask containing this solution was 
plunged into an oil-bath a t  120", which was further heated 
to 140" and kept a t  this temperature for 3-5 min. A dark 
sticky solid and an orange-red solution were formed. The 
solution was immediately decanted off t o  yield a precipitate 
upon cooling. This was recrystallised (CHCl,Et,O) to 
afford cis-dichloro (N-inethy lbenxothiazolinylidene) (dinzethyl- 
plzosplzine)PZatinzcm(II) (0- 1964 g). 

(e) With di-~-chloro-dichlorobis(triethyl~hos~hi~ae)di~alla- 
diztm(I1). The palladium complex (0-2955 g, 0.50 mmol) 
and the olefin (0.1550 g, 0.52) were gradually heated in 
DMF (5 ml). When the temperature reached go", a dark 
red solution was formed. Upon cooling this gave cis- 
dichloro (N-methy lbenzothiazolinylidene) (triet~iylpkospkine)- 
paZludizcns(~~) (0.2520 g ) ,  purified by washing with ether. 

(f)  With di-p-chloro-dichlorobis(tri-n-butylfihosphine)di- 
palladium(II). By using the procedure (e)  (but inducing 
crystallisation by adding ether) , the palladium complex 
(0-3800 g, 0.5 mmol) and the olefin (0-1490 g, 0.50 mniol) 
gave cis-dichloro (N-methyZbenzothiazolinylidene) (tri-n-buty Z- 
phosphine)palladiu~z(I1) (0.3550 g). 

Reactions of 1, l', 3,3'-Tetramethyl-2,2'-bi-inzidnzoEidinyl- 
idene) (IIIa) .-(a) With di-p-cAZoro-dicklorobis(tviet~yZphos- 
~,lziize)di~latinum(II). The olefin (0-7 ml) was added to a 
suspension of the platinum complex (1-4733 g, 1.92 mmol) 
in benzene (25 ml). A red solution formed within about 
10 min. The colour gradually faded and a small amount of 
solid formed after agitation (3 h a t  20'). This was filtered 
off, washed with ether, and identified as cis-dichloro( 1,3- 
dimetl~ylimidazoZidin-2-ylidene) (tyiethy1PhosplLine)pZatinu~i- 
( 1 1 )  (0.0760 g ) .  

The benzene-soluble fraction was evaporated to ca. 10 ml 
and n-hexane (20 ml) was added. The precipitate was 
crystallised [CHCl, (10 m1)-n-C,H,, (20 ml)] to yield the 
trans-isomer (1.5200 6). 

(b) With ~i-~-bromo-dibronrobis(triethyZphos~h~~re)d~plat~- 
num(1r). The olefin (0.3 ml) was added to a solution of the 
platinum complex (0-9460 g, 1.00 mmol) in benzene (30 ml) 
and the mixture heated under reflux (15 min). After 
cooling to 20°, the precipitate was filtered off and washed 
with ether. Recrystallisation (CHC1,-Et,O) gave cis-di- 
bromo ( l,3-dinaethylimidazolidin-2-ylidew.e) (triethy lphosphine) - 
Platinum(I1) (0.2613 g ) .  

The residue was 
recrystallised (Me,CO-Et,O) to yield the trans-isomer 

The filtrate was evaporated to dryness. 

(0.3000 g). 
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(c) With d i - p - e ? ~ Z ~ r ~ - d i e h Z ~ ~ ~ b i ~ ( t r i - n - ~ v o ~ y Z p h o s ~ h i ~ z e ) d i -  

pZatinum(I1). The olefin (0.5 ml) was added to a solution 
of the platinum complex (1.6942 g, 2-00 mmol) in benzene 
(35 ml). A red solution formed which lightened upon 
stirring (2 h a t  20") and yielded a white solid. The volume 
of the solution was reduced to ca. 20 ml, and the solid was 
filtered off and washed with ether (10 ml) It was identified 
as cis-dichloro( 1,3-diirzethylirnidazoZidin-2-yZidene) (tri-12- 
propyZphosphine)platinu~n(rI) (0-4376 g). 

The benzene solution was evaporated to ca. 3 in1 and 
passed through an alumina column. The pale yellow 
fraction was removed ; the residuc was recrystalliseci 
(n-C,H,,, 20 ml) and identified as the trans-isomer (0.3200 g). 

(d) With di-~-chZoro-dic?zZorobis(tri-n-butyZphosplzine)di- 
$atinum(II). The olefin (0-3 ml) was added to a solution 
of the platinum complex (0.9360 g, 1 mmol) in benzene 
(2-5 ml) and the mixture was agitated (3 h at 20"). The 
volume of benzene was reduced to ca. 5 ml and ether was 
added. Upon cooling, an oily solid separated. This was 
twice crystallised (MeOH-C,H,-n-C,H,, and CHC1,-Et,O) 
to yield cis-dichloro( 1,3-dimetlzyZiinidazo2idin-2-yZidene) (tri- 
~z-bzctyZ~hosphine)~Zati~zum(II) (0- 1700 g). 

The trans-isomer (0.3596 g) was purified as in (c). 
(e) With di-p-chloro-dichlorobis (dimet~y Zpkenylphosp~zi~e) - 

diplalinurn(I1). The olefin (0.3 nil) was added to the 
platinum complex (0-8080 g, 1-00 mmol) in benzene (35 ml), 
and the mixture was heated under reflux for 20 min. During 
heating a sticky oil separated out. The mixture was set 
aside for 30 h a t  20". An off-white precipitate had formed. 
This was filtered off, treated several times with warm 
acetone, and the washings were cooled. The precipitated 
solid was recrystallised (CHC1,-Et,O) to yield cis-dichloro- 
( 1 , 3-dimethylimidazolidin-2-ylidene) (ClinaetlzylPkenylp~Los- 
pliine)pZatinum(II) (0.4210 8). 

This compound was also obtained (in 45% yield) by 
stirring (25 h) the platinum complex (0-8080 g, 1-00 mmol) 
and the olefin (0.3 ml) in benzene (30 ml) a t  20". 

(f) With di-~-ckZoro-dichZorob~s(triethylarsine)d~~latinuwr- 
(11). The olefin (0.3 ml) was added to the platinum com- 
plex (0-8560 g, 1.00 mmol) in benzene (25 ml). The mixture 
was agitated (16 h a t  20"). This 
was filtered off and washed with acetone. The solid was 
extracted with chloroform (ca. 6 rnl). Addition of ether to 
the extract gave cis-dichZoro(l,3-dina~thyEimidazolicIitz-2- 
ylidene) (trieth~larsi.lze)pZati~~um(II) (0- 1630 g) . 

The benzene-soluble part was evaporated to dryness and 
washed with n-hexane. The residue was crystallised (twice 
from Me,CO, 8 ml) to yield the trans-isomer (0.3180 8). 

(g) With di-y-chZoro-dichZorobis(triethyZpl~os~hine)dipaZ- 
Zadium(r1). The olefin (0.2 ml) was added to a solution of 
the palladium complex (0-4000 g, 0-68 mmol) in benzene 
(20 ml), and the mixture was heated under reflux (15 min). 
A black precipitate formed. The mixture was allowed to 
cool and was then filtered. The precipitate was heated 
with charcoal under reflux in chloroform (15 ml) . Filtration 
(57O) provided a yellow filtrate. This was evaporated to 
en. 5 ml and addition of n-hexane gave cis-dichZoro(l,3-di- 
i~zethyZimidazoZidin-2-ylidene) (trieth~~Zp1zosPhine)paZZadiuin (11) 

(0.1302 g). 
The benzene-soluble fraction from the black precipitate 

was evaporated to dryness and dissolved in ether. Upon 
cooling to - 20°, yellow crystals of trans-dichlorobis(tri- 
ethylphosphine)palladium(II) (0.063 g) (Found : C, 35.6; 
H, 7-6. Calc. for C,,H,,Cl,P,Pd: C, 35.4; H, 7.4%) mere 
obtained. 

A sticky solid formed. 

(11) With di-p-c~~Zoro-dic~~Zorobis(tri-n-butyl~~~osphine)di- 
paZZadium(I1). The olefin (0.6 ml) was added to a solution 
of the palladium complex (1-5200 g, 2 mmol) in benzene 
(35 ml), and the mixture was heated under reflux for 15 
min. A black precipitate had formed. After cooling to 
20", benzene was removed in vacuo. The residue was 
treated with charcoal in hot chloroform (15 ml) and was then 
filtered. The filtrate was evaporated to dryness, washed 
several times with ether (3 x 10 ml), and the combined 
washings yielded trans-dichlorobis(tri-n-buty1phosphine)- 
palladium(I1) (0.1900 g) (Found: C, 49-86; H, 9.7. Calc. 
for C,4H,,C1,P,Pd: C, 49.5; H, 9.3%). 

The ether-insoluble residuc was dissolved in chloroform. 
Addition of ether gave cis-dichZoro( 1,3-d imet~~yl inz idazoZi~i~~-  
2-ylidene) (tri-n-butyZphosphine)paZZadium(II) (0.4830 g) . 

Attempted Reactions with Other 0Zefins.-(a) N ,  N'-Di- 
methylbiacridylidene (0-0425 g, 0-1 1 mmol) (from Dr. F. 
McCapra) and di-p-chloro-dichlorobis(triethy1phosphine)- 
diplatinum(I1) (0-1587 g, 0.21 niniol) were heated under 
reflux in xylene (15 ml) for 2 h. There was no colour 
change. The mixture was cooled, the product filtered off 
and dried. 

(b) Tetraphenylethylene (0.1450 g, 0-44 mmol) and di-p- 
chloro-dichlorobis (triethylphosphine) diplatinum (11) (0-3350 
g, 0 4 4  mmol) were heated under reflus in xylene (20 ml) 
for 3 h. 

The reactants in (a) and (b) were recovered essentially 
quantitatively, and identified by their i.r. spectra, after 
removal of xylene and separation (CHC1,) of the two 
components (the Pt complex is CHC1,-soluble) . 

Reaction of Bis (tri$uoromethyZ)diazonzethane with Di-p- 
chloro-dichlorobis (triethy Zfihosphine) diplatinzrwz (11) .-The di- 
azomethane (0.4 ml, 0.6 g, 3.3 mmol) was distilled into the 
suspension of the complex (0.9173 g, 1-2 mmol) in ether 
(20 ml) at  -196". The mixture was allowed to warm to 
room temperature and was stirred for 2 h to afford a pale 
yellow solution. Filtration and cooling to - 20" produced 
pale yellow crystals of di-p-ehEoro-di[cAl~r~bi~(tri~uoromethyZ)- 
met?~yZ]bis(triethyZ~lzos~?zine)di~latinum(~~) (0-9510 g) 
(Found: C, 20-0; H, 2-9; C1, 13.0; F, 21.6; P, 5.8. 
C18H,,Cl,F,,P,Pt2 requires C, 20.2; H, 2.8; C1, 13.3; F, 
21.3; P, 5.8%). 

Reaction of Di- y-chloro-di [bis (tripuoromethy 1) chloromethy Z] - 
bis(triethyZ~hosfihine)diplatinum(rI), (XIII) .-(a) With p- 
tohidine. The insertion product (XIII) (0-5561 g, 0.5 
mmol) and p-toluidine (0.1525 g, 1.4 mmol) were stirred in 
benzene (20 ml) for 6 h. The solvent was removed and the 
residue was crystallised from light petroleum (b.p. 60- 
80"). Recrystallisation from the same solvent yielded 
crystals of [bis(tri;fuorornethyZ)chZoro?rcetl~yZ]chZoro(triethyZ- 
phosphine) (p-toZuidine)PZatinum(11), (XV) (0.4630 g) 
(Found: C, 30.2; H, 3.9; N, 2-3. Cl,H2,C1,F,NPPt 
requires C, 30.0; H, 3.7; N, 2.2%). 

The insertion product (XIII) (0.5553 
g, 0-5 mmol) and bromine (0.1 nil, 0-3 g, 1-9 mmol) were 
heated (8 h) in ether (25 ml) under reflux. Volatile material 
was removed in vacuo. The dark residue was washed with 
ether and then extracted with benzene. Ether addition to 
the benzene solution afforded orange crystals of di-p- 
l~romo-dibromobis(triethylphosphine)diplatinum(~I) (0.2246 
Q, 45%) (Found: C, 15-1; H, 3.3. Calc. for C1,H,,-,Br,P,Pt: 
C, 15.2; H, 3.2%). 

Reaction of Tris(triphenylphosp~zine)pZ~tinuln(O) with Bis- 
(trijhoromethyZ)diazornethane .-The diazomethane (1-3 ml, 
2-1 g, 10 mmol) was distilled onto a frozen solution of 

(b) With bromine. 
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tris(tripheny1phosphine)platinuni (0) (3- 1096 g, 3.16 mniol) in 
benzene (25 rnl) a t  -196". The mixture was allowed to 
wami to room temperature; a t  ca. -20°, gas evolution was 
observed and lasted for ca. 5 min. The amount of gas 

(CF,),CN,-PPh,. The residue was recrystallised (CHC1,- 
n-C,H,,) to obtain orange cubes (1.6 g) (Found: C, 47-6; 
H, 2.9; N, 2-6. Cp2H3,F12N,P2Pt requires C, 48.1; H, 3.9; 
N, 2.7%). 

evolved was 104% of the calculated quantity (a gas burette 
was used). The solution was stirred (2 h) a t  20". The 
volume of the solution was reduced to ca. 5 ml in vucuo and 
was then passed through a Florisil packed column. The 
main fraction was crystallised by adding n-hexane to the 
benzene eluent. The yellow crystalline solid was sublimed 
at  go", 0.01 mrnHg for 30 h to isolate the phosphazine, 

We thank Engelhard Ltd. for loan of platinum metals, 
the S.R.C. for support, Dr. Lj. ManojloviC-Muir and Dr. 
K. W. Muir for the X-ray data, Professor A. W. Johnson for 
discussions; and Dr. M. Green, Professor I?. G. A. Stone, and 
Professor R. E. Davis for exchange of information prior to 
publication relating to [(CF,),C*(CF,),CN,]Pt(PPh,),. 
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Some Metal Halide-Phosphorus Halide-Aikyl Halide Complexes. Part 112
Reactions with Niobium and Tantalum Pentachlorides and Tungsten
H exac h I o r ide
By Joseph 1. Bullock,* The Joseph Kenyon Laboratories, University of Surrey, Guildford
Frederick W. Parrett and Nicholas J. Taylor, Chemistry Department, Royal Military College of Canada,
Kingston, Ontario, Canada
The reaction systems RCI + R'PCI, + MCI, (R = t-butyl, R' = chloride or methyl) have been investigated with
the metal halides NbCI,. TaCl,, and WCI6. In each case, complexes of the type (RR'PCI,)(MVCI,) have been
characterised by vibrational spectroscopy. Magnetic susceptibility measurements are reported for the tung-
sten complexes.
WE have previously reported complexes of the type
(ButPC13)+(MCI, + 1)- as products of the reaction system
ButCl + PCl, + MCl, (MCl, = BCI,, AlCl,, and SnCl,),
and of the type (ButMePC1,)+(MC1,+l)- for the system
ButCl + MePCl, + SnC14. We here extend the range
of metal chlorides which fit into these general reaction
schemes. Both phosphine systems have been found to
give ionic complexes with NbCl,, TaCI5, and wcI6. The
vibrational spectra reported here are readily interpreted
in terms of either of the cations ButPC13+ or ButMePC1,+
associated with one of the hexachloro-anions NbCI,-,
TaC1,-, and WC16-. In addition, magnetic data and
u.v.-visible spectra are reported for the tungsten
complexes, the oxidation state v being confirmed by
these results.
RESULTS AND DISCUSSION
The compounds were air and water sensitive. Ana-
lytical data are given in Table l .
Catioit Spectra.-The C,,, ButPCl,+ cation with
r v i b = 3A1 (i.r., Raman) + 3E (i.r., Raman) and tlie
Cs, ButMePC1,+ cation with rvib = 6A1 (ir., Raman) +
3All (i.r., Raman) have been discussed1 for the AlCl,,
-f For details see Notice to Authors No. 7 in J. Chenz. SOC.
( A ) , 1970, Issue No. 20 (items less than 10 pp. are sent as full
size copies).
Part I, J. I. Bullock, F. W. Parrett, and N. J. Taylor,
J.C.S. Dalton, 1972, 1843.
D. M. Adams, J. Chatt, J. 31. Davidson, and J. Gerratt,
J. Chem. Soc., 1963, 2189.
K. W. Bagnall and D. Brown, J. Chem. SOC., 1964, 3021.
J. E. D. Davies and D. A. Long, J . Chem. SOC. ( A ) , 1968,
2660.
BCI,, and SnC14 complexes. The spectra associated with
these cations are listed in Supplementary Publication
No. 20616 (5 pp.).?
Anzioiz Spectra.-A regular octahedral species MX6,
which is centrosymmetric, has six fundamentals. Two
of these, v3(Tlu) and ~4(T1,) , are i.r.-active and three,
vl(Alg), v2(Eg), and v5(TIg), are Raman-active. The
sixth mode, Ve(TW), is inactive but may be calculated as
may the Raman-active fundamentals from the it-.-
active combinations of these with v3 and v4.
The vibrational spectra of tlie metal chloride anions
were all consistent with octahedral hexachloro-species.
The assigned fundamentals were in good agreement with
reported values 2-7 for NbC16- and TaC1,- and for %*
WCI,-. We were unable to observe any Raman spectra
for the tungsten compounds because of pyrolysis in the
laser beam. The formation of tungsten(v) species was
not unexpected considering the reported instability of
the hexachloride in organic solvents. The spectra
associated with the anions are listed in the Supplementary
Publication. t
The compounds had additional i.r. bands, most of
which were weak, which could not be assigned to
S. 31. Homer, R. J. H. Clark, B. Crociani, D. B. Copley,
W. W. Horner, F. N. Collier, and S. 1'. Tyree, Inorg. Chem.,
1968, 7 , 1859.
I. R. Beattie, T. R. Gilson, and G. A. Ozin, J . Chenz. SOC.
(A), 1968, 2766.
J. MacCordick, G. Kaufmann, and R. Rohmer, J. Inovg.
Nuclear Chem., 1969, 31, 3069.
a K. W. Bagnall, D. Brown, and J. G. H. du Preez, J. Chenz.
SOC. 1964, 2603.
2. V. Shirokshina and N. V. Suikovskaya, Zhur. p i k l a d .
Kkim., 1960, 33, 1001.
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