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Mercuric Halide Adducts of Tertiary Phosphine or Tertiary Arsine Com- 
plexes of Palladiurn(ii) and Platinum(ii) t 

By P. R. Brookes and B. L. Shaw," School of Chemistry, The University, Leeds LS2 9JT 

Certain complexes of the type [MX2L2] (M = Pd or Pt; X = CI, Br, or I ; L = tertiary phosphine or tertiary arsine) 
react with mercuric halides to give adducts of the type [MX,L,HgX,]. having a double halide bridge between 
the metal atoms. A di-adduct [PtC12(PMe3)2(HgC12),] is also reported. The adducts are often easily dissociated. 
Adducts of the same formula are also obtained by the action of mercuric halides on some complexes of the type 
trans-[PtHXL,]. The formation of these adducts, their structure and their reactivity, have been followed by a 
variety of physico-chemical techniques, far-i.r. spectroscopy proving exceptionally useful. 

THE reaction of mercuric halides with transition metal 
complexes has been shown to give compounds with 
transition metal-mercury bonds, either by (a) addition 
t o  low oxidation state complexes, e.g. the oxidation of 
traizs-[IrCl(CO) (PPh,),] to [IrCl,(HgCl) (CO) (PPh3),],l or 
by (b)  formation of metal donor-acceptor complexes, 
e.g. [Co(CO),(x-C,H,)] can apparently act as a Lewis base 
t o  give [Co(CO),(x-C,H,) ,HgCl,l, the crystal structure 

Bond lengths suggest that the mercuric chloride is only 
weakly co-ordinated. We consider the structure of the 
other adducts to be analogous. The structure shows 
that the compound is the sym-cis isomer, i.e. both 
ligands L remain attached to the transition metal. If 

of which shows 2 to contain a cobalt-mercury bond. It 
has come to our attention that the crystal structure of a 
third type of product, involving increase of the co- 
ordination number of mercury, with halogen bridge 
formation, has been determined : the compound studied 
was [PtC12(PMe2Ph)2HgC12] ,3 Mann and Purdie very 
briefly reported the formation of a 1 : 1 adduct from 
equivalent quantities of trauts-[PdBr2(AsPrn3),] and 
mercuric bromide in ethanol solution ; 4 we prepared 
some 29 adducts of this type in 1968,5 but were not sure 
of their structure, until we became aware of the X-ray 
~ o r k . ~  We now describe these new complexes. 

When complexes of the type cis or tvans-[MX,L,] 
(A1 = Pd or P t ;  X = Cl, Br, or I ;  L = tertiary 
phosphine or tertiary arsine) are treated with mercuric 
halides, HgX,, highly crystallised 1 : 1 adducts 
[MX,L,HgX,] are obtained. The crystal structure of a 
typical adduct [PtCl,(PMe,Ph),HgC12]3 is as shown in 
configuration (I) ; the co-ordination is square-planar 
about platinum and distorted tetrahedral about mercury. 

the 1igand.L is not strongly bonded to palladium, as is 
the case for certain ligands, this type of product is not 
obtained, since the ligand L becomes bonded to mercury 
(see below). 

A typical procedure to give a product of configuration 
(I) is that between a solution of tvauts-[PdCl,(PEt,Ph),] 
in methanol-chloroform and a methanolic solution of 
mercuric chloride. On admixture of these solutions 
yellow needles of the 1 : 1 adduct are formed immediately. 
The molecular weight of this product in chloroform 
solution is that expected for [PdCl,(PEt,Ph),HgCl,] : 
commonly however the molecular weight data indicate 
considerable dissociation in solution. Molecular weights 
and other data for the various compounds are given in 
the Table. It is noteworthy that dissociation depends 

7 No reprints available. 3 R. W. Baker, M. J. Braithwaite, and R. S. Nyholm, J.C.S. 

F. G. Mann and D. Purdie, J .  Cltem. SOC., 1940, 1230. 
5 P. R. Brookes, Ph.D. Thesis, University of Leeds, 1968. 

Dalton, 1972, 1924. 
R. S. Nyholm and K. Vrieze, J .  Chem. SOL, 1965, 5337. 
I .  N. Nowell and R. D. Russell, Chem. Cowm., 1967, 817. 
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mercury(I1) species : the species HgX,- is established, 
and for its congener cadmium it is known that an 0 . 5 ~  
CdBr, solution contains twice the concentration (0 .043~)  
of CdBr,- as of the four-co-ordinate CdBr,2-.6 

Adducts of the type [MX,L,HgX,] have been obtained 
from complexes of the type trans-[MX2L2] as precursors 
as well as from various cis-compounds. In  the former 
case a change in stereochemistry is necessary to form the 
product with configuration (I). Some of the adducts of 
type [PdC12L,HgC12] are yellow (see Table). This is not 
incompatible with a cis arrangement of the ligands L 
about Pd. Although some early papers indicate other- 
wise,' not all yellow complexes [PdC1,L2] have the 

on the halide ligand present such that dissociation in- 
creases in the other C1 < Br < I: we cannot explain 
this trend, since it might be expected that (since the 
iodide is the best bridging ligand) an iodo-complex of 
configuration (I) would be more stable to dissociation 
than its bromo- or chloro-analogues. 

The molar conductivities of some representative 
adducts were determined in 1 0 - 3 ~  nitrobenzene solution at 
26" : [PdCl, (PEt,Ph),HgCI,] and [PtCl,( PMe,Ph),HgCl,] 
gave values of 1.71 and 2-86 R-l cm2 mol-l, respectively. 
These values are considerably higher than those of the 
parent transition-metal complexes (ca. 3 x lo-, R-l cm2 
mol-l), although less than that required for a 1 : 1 

Analytical, molecular weight, melting point, and far4.r.a data for complexes of the type [MX,L,,nHgY,) (M = Pd 
or Pt; X and Y = C1, Br, or I; L = tertiary-phosphine or -arsine; n = 1 or 2) 

_-. . . Analytical data 6 
Frequencies of 

429m, 325m, 253m 
233s 443s, 420m, 357w, 

394m, 219m 
430m, 392w, 361vw 
314m, 207m 

v(Hg-Br) t other bands 

341m, 299w 

238s 318s, 307m, 289w, 
275m, 263w 

Compound 
PdCla( PMe,Ph),HgCI 
PdBr, (PMe,Ph),HgBr, 

yield 
(%) Colour 
74 Yellow 
69 Yellow 

i: H 0 the; M 6.a M.p. v (  M-Cl-Hg) v(Hg-C1) 
26.45 (26-5) 2-9 (3.05) 723 (725) 159-161" 2 8 2 ~ ~ ,  259s 3479 
21.45 (21-3) 2.45 (2.45) 667 (903) 141-146 

30.55 (30-75) 3.8 (3-85) Hg: 25.3( 25.65) 758 (781) 153-156 2 8 2 ~ ~  250s 3 4 0 ~ ~  
36.65 (36.85) 3.1 (2.85) 287-290 d 2 9 5 ~ ~ ,  2 7 8 ~ ~  331s 
23.5 (23.65) 2.65 (2.75) 170-174 286vs, 251s 335s 
20.8 (19.4) 2.4 (2.25) 144-146 

98 Yellox 
34 Cream 
94 Orange 
88 Orange 

91 Brown 
85 Yellow 

PdI (AsMe,Ph) H I 
PdC!,(PMe2Ph)~H~~rz 

16.65 (16.3) 2.0 (1.9) 
23-1 (23.6) 2.6 (2.75) 

616 1179) 112-116 2 8 3 ~ ,  244s 
176-177 444s, 424m, 350m, 

444s, 428m, 384m, 

391m, 323m 
408vw, 393w, 324w, 

319m * 304m, 224m 
319m,* 304m, 224 

306m, 221m 

296m 

PdCI,( PMe,Ph),HgI , 
PdCI,( PEt,Ph),HgBr, 
PdCI,( PEt,Ph),HgI, 

90 Yellow 172-174 d 279vS, 254s 21.4 (21.15) 2-6 (2.45) 

95 Yellow 
84 Yellow 

27.7 (27.6) 3.3 (3.5) 1.64 (1.68) 8 
24.7 (24.9) 2.95 (3.15) 

21-4 121.3) 2.4 12.45) 

156-159 2 7 9 ~ ~ ,  2 4 1 ~ ~  
150-153 279vs, 2 4 8 ~ ~  

147-149.5 2 8 7 ~ ~ .  277s PdCl, (AsMe,Ph)&gBr, 
PtCl,(PMe,)zHgClz 
PtBr,(PMe3)zHgBrz 
PtCI,(PEt,),HgCI, 

74 Orange 
36 Colourless 
88 Cream 
93 Colourless 

238vs 320mi 313m 
394m, 373s 

229vs 394m, 373s 
424s. 3 7 9 ~ .  291s.* 

10.9 (104) 2.5 ( 2 G j  
8-75 (8-3) 2.0 (2.1) 

18.7 (18.6) 3.9 (3.9) 

212-230 d 278~s: 263;s 320vs 
200-204 d,f 

593 (774) 170-172.5 2 8 3 ~ ~ ,  2 6 8 ~ ~  3 3 0 ~ ~  
2 5 h  . 

226m 437w. 423m. 377w. PtBr,(PEt,),HgBr, 

PtCI,(PMeZPh),HgC12 

PtBr,(PMe,Ph),HgBr, 

P t  I, (PMe,Ph),HgI , 
PtCI,(PEtzPh)zHgCl, 

PtC1,(PPh3),HgC1, 

71 

95 

82 

43 

52 

73 

94 
85 
82 

79 
50 

65 
62 
46 

Colourless 15.65 (15.15) 

White 23.75 (23.6) 

Cream 19.45 (19.35) 

Brown 16.5 (16.3) 

Colourless 27.35 (27.6) 

Cream 41.1 (40.7) 

Cream 21.35 (21.3) 
Yellow 17-8 (17-8) 
Colourless 17.0 (16.7) 

Colourless 15.0 (15.05) 
Cream 20.95 (21.3) 

Yellow 18.85 (19.4) 
Cream 17.75 (17.7) 
White 9.25 (9.05) 

3.5 (3.2) 

2.7 (2.7) P t :  25.0 (23.95) 

2.2 (2.25) P t :  19.9 (19.65) 

2.15 (1.9) P t :  17.05 (16.55) 

3.55 (3.5) 

3.15 (2.85) P t :  19.0 (18-35) 

2.5 (2.45) P t :  22.1 (21.65) 
2.15 (2.05) 
3.4 (3.5) 2.73 (240) e 

3.25 (3.15) 
2.5 (2.4) 

2.2 (2.25) 
2.05 (2.05) 

2*3 (2*1) {Pi: 18.7 (18.4) 
C1. 26.7 (26.75) 

151-154 

190-193 2 9 1 ~ ~ ~  271s 3 4 0 ~ ~  

149-151 

687 (1180) 167-173'5 

178-181 294vs, 264s 347s 

290-295 d 294~,  277s 345s 

707 (902) 174-176.5 2 9 6 ~ ~ ,  279s 340s 
721 (1080) 1 4 k 1 4 6  

159-164 ~ ~ O V S ,  2 7 9 ~ s  

160-164 2 8 3 ~ ~ ,  263s 
147-148 293s, 278m 

138-140 292vs, 286s 
133-135 305~,  287s 
218-242 f 376vs 

330w ' ' 
450s, 431m, 359m, 

313m 
231s 432m, 362m, 353m, 

307w, 291w 
446s, 431s' 372m, 

273w 
433s,* 498w, 329m, 

288% 
443m;418m, 222m 313m, 

325m, 313m,* 255s 
238s 319s. 313m * 

PtCI, (AsMezPh),HgC1 , 
PtBr,(AsMe,Ph),HgBr, 
PtCl,( PEt,),HgBr, 234vs 437k*, 422s, 380w, 

329w 
PtCI,(PEt,),HgI, 
PtC1,(PMe,Ph),HgBr, 

PtC1,(AsMe,Ph),HgBr2 
PtC1,(AsMe,Ph),HgI, 
PtCl,(PMe,),(HgCI,), g 

431s, 382m 
239s 446s, 431m, 357m, 

313m 
242vs 32Os, 315m, 208m 

325m. 263m. 250m 
397m; 301v;,h 289vsp 

276vs h 

a In cm-l, over the range 450-200 cm-1, Nujol mulls, error < +2 cm-1. * = shoulder. b Theoretical values given in parentheses. c Chloroform solution. d With 
e AgNOs titre, ml. f With some sublimation. o Compound contains 1.0 mol of 1,2-dichloroethane per platinum atoms. h Pt-CI-Hg and Hg-CI-Hg bridging decomp. 

absorptions. 
t Tentative assignments. 

electrolyte in this solvent (e.g. for PMePh+I-, 19.1 
M-l cm2 mol-l). Since the conductivity of mercuric 
chloride is very low, simple dissociation to the pre- 
cursors cannot explain the appreciable conductivity 
values of the adducts. We suggest that the con- 
ductivity may be associated with slight ionic dissociation 
according to equation (1) involving a three co-ordinate 

MX,L2HgX2 + MX2L2HgX+X- (1) 

trans-configuration. Thus [PdCl,(PPh,CH,*),] is mono- 
nuclear and a non-conductor and must be the cis-isomer, 
but its colour is yellow.8 In general the adducts 
[MX,L,HgX,] are the same colour as the parent com- 
plexes [MX2L2]. They are air-stable, again like the 
parent complexes. 

1.r. spectra of the adducts (2500450 cm-l) are 

J. Chatt and R. G. Wilkins, J .  Chem. SOC., 1953, 70 and 

8 RII. J. Hudson, R. S. Nyholm, and M. H. B. Stiddard, 
references therein. 

J .  Chem. SOC. ( A ) ,  1968, 40. 
6 J. W. Macklin and R. A. Plane, Inorg. Chem., 1970, 9, 821 

and references therein. 
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closely cornparable with their precursors. The far-i.r. 
spectra (450-200 cm-l) show important differences 
however, especially in the region associated with metal- 
chlorine stretching vibrations. Study of the far-i.r. 
spectra (Table) was facilitated by the preparation of 
complexes of the type [MCl,L,HgY,] (Y = Br or I), 
from [MC1,L2] and HgY,. Complexes of the type 
[MY,L,HgCl,] could not be prepared, the appropriate 
reactants yielding only [MCl,L,HgCl,] even under very 
mild congitions, presumably because of exchange of 
chloride ion derived from the (comparatively) ionic 
mercuric chloride. 

The far-i.r. spectra of the 1 : 1 adducts are compatible 
with the overall stereochemistry (I). Comparison of the 
spectra of the complexes [PdX,(PMe,Ph),HgX,] (X = 
C1 or Br; see Table) shows that three strong bands are 
associated with the chloride ligands, a t  347, 282, and 
259 cm-l, in the chloro-complex. We assign the latter 
two bands to the bridging chloride ligands, by analogy 
with [PdCl,(PMe,Ph),HgBr,] which shows now two 
absorptions compared with the tetrabromo-adduct, at 
283 and 244 cm-l, and [PdCl,(PMe,Ph),HgI,] which 
shows a similar pair of bands at 279 and 254 cm-l. 
These values are comparable with a pair of absorptions 
at 310-300 and 280-250 cm-l in complexes of the type 
[Pd,Cl,L,] and assigned to the bridging chloro-ligands. 
The remaining significant absorption in the spectrum of 
[PdCl2(PMe,Ph),HgC1,], a t  347 cm-l, is then assignable 
to terminal v(Hg-Cl). Mercuric chloride itself gives a 
very strong absorption in the far-i.r. region at 374 cm-l lo 

(and also weaker bands at 331 and 311 cm-l), but the 
structure of the solid is very distorted octahedral about 
the mercury atorn.ll 

Terminal >HgCl, groups in all our adducts give only 
one v(Hg-Cl) absorption (Table). This we attribute to 
accidental overlap: compare the single band due to 
v(Hg-C1) assignable to [HgCl,(pyridine)J 1 2 9 1 3  and com- 
parable complexes, where two bands are expected, and 
the very poor or non-resolution of >SnCl, and -SnC13 
groups, which similarly often give only one band.l4 

For the 1 : 1 adducts of the platinum complexes, 
assignments of the far-i.r. spectra can be made as 
discussed above for palladium (see Table). The results 
given in this Table show that terminal v(Hg-C1) is 
comparable for all complexes of the type [MCl,L,HgClJ 
configuration (I);  for M = Pd, the range for v(Hg-C1) is 
347-335 cm-l and for M = Pt, v(Hg-C1) the range is 
347-320 crn-l. The bridging chlorine ligands give rise 
to absorption which is lower for M = Pd in complexes 
of the type [MCl,L,HgX,] (X = C1, Br, or I), configur- 
ation (I) than for 111 = Pt. For the Pd complexes, the 
two bridging frequencies fall in the (overlapping) ranges 
295-279 and 278-241 cm-l; for the Pt complexes, the 
corresponding ranges are 305-278 and 287-263 cm-l. 

D. M. Adams and P. J.  Chandler, Chern. Cornm., 1966, 69. 
lo D. M. Adams, M. Goldstein, and E. F. Mooney, Trans. 

l1 D. Grdenic, Arkiv Kenz., 1950, 22, 14. 
12 R. J .  H. Clark and C. S .  Williams, Chern. and Ind., 1964, 

Faraday Sos., 1963, 59, 2228. 

1317. 

This behaviour parallels that of bridging v(M-X) 
absorption of complexes of the type [MzX4Lz].9 In such 
complexes for M = Pd, the chlorine bridging modes 
were assigned as two bands in the range 310-300 and 
280-250 cm-l, again lower than the range established 
for the corresponding complexes where M = Pt (335- 
310 and 295-250 cm-l). 

The di-adduct [PtCl,(PMe,),(HgCl,),], to which by 
analogy with the mono-adducts we assign configuration 
(11) shows four new very strong bands in the far-i,r. 

L\ /cL\ /cL\Hg/ck 
L /" \c' /HgLC' / \c' 

region compared to cis-[PtCl,(PMe,),], a t  376, 301, 289, 
and 276 cm-l. The first band we can assign to terminal 
v(Hg-C1) : the position of this band is very similar to that 
at 374 cm-l in mercuric chloride, as described above, and 
demonstrates the extremely weak bonding of the 
' second ' HgC1, molecule. The other three bands are 
then associated with the two double chlorine bridges: 
we cannot assign these bands specifically. The di- 
adduct is formed under vigorous conditions (see Experi- 
mental section): its formation may be associated with 
the comparative insolubility of trimethylphosphine 
complexes in most solvents. 

lH N.m.r. studies have been made on the complexes 
[MX,(PMe,Ph),HgX,] (X = C1 or Br). The adducts 
were insufficiently soluble in chloroform for spectra to be 
obtained: however, they were soluble in liquid sulphur 
dioxide. The spectrum of the palladium complex 
(spectra were obtained from sealed tubes) was identical 
with that of [PdCl,(PMe,Ph),] in the same solvent,15 
showing that complete dissociation of the adduct must 
occur. In liquid sulphur dioxide as solvent the methyl 
resonance pattern consists of two doublets ,J(P-H) 12.1, 
4J(P-H) 0.9 Hz (coupling of the methyl group to the 
remote phosphorus is not observed in other commonly 
used n.m.r. solvents, C,H,, CDCl,, CH,Cl,, etc.). 

Formation of a 1 : 1 adduct does not always occur 
between [PdX,L,] and HgX,. We have confirmed that 
reaction of the type 

occurs when L is a comparatively weakly bonded 
tertiary phosphine or tertiary arsine ligand with respect 
to palladium; thus we have repeated Mann's work4 
with PEt, and AsEt,, and also shown that the above 
reaction similarly occurs when L = P(allyl), or PMe, 
(using X = Cl). In the latter case, the novel complex 

l 3  G. E. Coates and D. Ridley, J .  Chewz. Soc., 1964, 166. 
1 4  D. M. Adams, ' Metal-Ligand and Related I'ibrations,' 

1 5  J. M. Jenkins and B. L. Shaw, J .  Chewz. SOC. ( A ) ,  1966, 770. 
Edward Arnold, London, 1967, p. 45. 
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[Pd,Cl,(PMe,),] was isolated. The far-i.r. spectrum of 
this bright orange complex has strong bands at 254 and 
293 cm-l assignable to the stretching frequency of the 
bridging chloro-ligand~,~ and one at 344 cm-l assignable 
to terminal v(Pd-Cl). 

reported that [PtHCl(PPh,),] 
when treated with mercuric halides gave ' mostly 
reduction to metallic mercury and no complexes could be 
isolated.' Allen and Bairdl' showed that at 0" HgC1, 
and tram-[PtHCl(PPh,)J gave metallic mercury and 
tra~zs-[PtCl,(PPh,),]. We now find that with trans- 
[PtHX(PR,),] (X = C1, Br, or I; PR, = PEt, or 
PEt,Ph) HgX, react as follows: 

Nyholm and Vrieze 

[PtHX(PR3)2] + 3HgX2 ----t 
[PtX,PR,),HgX,I + Hg,X, 3- HX 

Attempted metathesis of the adducts of type 
[MCl,(PR,),HgCl,] (M = Pd or Pt) with lithium bromide 
or sodium iodide caused loss of mercuric halide and gave 
only complexes of type [MX,(PR,),] (see Experimental 
section). Similarly [PtCl,(PMe,Ph),HgClJ with chlorine 
in chloroform gave cis-[PtCl,(PMe,Ph),]. 

EXPERIMENTAL 

M.p.s were determined on a Kofler hot stage apparatus 
and are corrected. All reactions involving the heating of 
solutions under reflux were carried out under nitrogen. 
Percentage yields, m.p.s, analytical and molecular-weight 
data for the mercuric halide adducts are given in the Table. 
Analysis of halide ion in the presence of mercuric ion was 
as by Fernandez et uZ.18 Mercury was determined (by 
Mr. A. Hedley) by heating the compounds in an atmosphere 
of nitrogen at  GU. 800-850" and absorbing the resultant 
mercury vapour on finely-divided gold foil a t  GU. 120". 
Molecular weights were determined on a Mecrolab Osmo- 
meter a t  37" in ca. 1% w/u solutions. 

All the adducts described below, with the exception of 
the unique di-mercuric chloride adduct, are considered to 
have the configuration (I) as shown in the discussion above, 
i.e., the SYWZ-C~S isomer. 

I>i- y-chloro-[dichzovomercztvy ( II)] bis (dizzzethylplzenylphos- 
l3hine)paZludium(11), [PdCl,(PMe,Ph),HgCl,] .-A solution 
of mercuric chloride (0.20 g) in methanol (3  ml) was added 
to one of dichlorobis(dimetliylphenylp1iosphine)palladium- 
(11) (0.13 g) in chloroform-methanol (4 : 1, 5 nil). After 6 h 
a t  ambient temperature, the required jwoduct (0.15 g) had 
deposited from the reaction mixture as prisms. 

The following compounds were similarly prepared from 
the appropriate precursors, with the time for essentially 
complete precipitation of the product given in parentheses : 
di-p-chlovo- [dichlovomevcury ( 11)] bis (diethy ZphenyZphosphine) - 
~ u Z ~ U ~ ~ U ~ ( I I ) ,  [l~dCl,(PEt,Ph),HgCl,], as needles (50 min) ; 
di-p-cJaZovo- [dichZorowzercury(r~)] bis (diulzethyZphenyZursine)- 
jmlZadium(II), [PdCl,(AsMe,Ph),HgCl,], as prisms (14 h) ; 
di-p-chloro- [dibromonzevcury (II)] bis (diwzethylphenylphos- 
ph.ine)finZZudiuvn(II), [PdCl,(PMe,Ph),HgBr,], as prisms 
(2 11) ; di-y-~hZoro-[di-iodomercuvy(~r)] bis(dimetlzy1phenyZ- 
pJrosphine)paZZadiu~~z(II), [PdCl,(PMe,Ph),HgI,], as prisms 

(1 11) ; di-~-~hZoro-[d~bromomercztry(~~)]bis(d~ethyZ~henyZ- 
phosphine)l3aZZadiuu(II), [PdCl,(PEt,Ph),HgBr,], as prisms 
(1 h) ; di-y-chZoro-[di-iodomercury(~r)] bis(diethyZphenyZ- 
~hosphine)paZZudium(II), [PdCl,(PEt,Ph) ,HgI,], as prisms 
(3 h) ; di-p-chloro- [dibromowzevcury (II)] bis (diwzethylphenyl- 
ursine)paZZadium(Ir), [PdCl,(AsMe,Ph),HgBrJ, as prisms 
(1 h) ; cli-y-~hZoro-[dichZoromer~ury(~~)] bis(diwzethylphenyZ- 
phosPhine)pZutinum(II), [PtCl,(PMe,Ph),HgCl,], as prisms 

Di-y-bronro-[dibromomevcury ( II)] bis (dimethyZphenyZphos- 
~hine)paZZadium(I I ) ,  [PdBr,(PMe,Ph),HgBr,].-A solution 
of mercuric bromide (0.30 g) in methanol (3 ml) was added 
to one of dibromobis(dimethylpheny1phosphine)palladium- 
(11) (0.32 g) in chloroform-methanol (2 : 1, 9 ml). The 
mixture was heated under reflux for 4 h. Removal of 
about half the solvent under reduced pressure gave the 
required flroduct as prisms (0-37 a). 

(1 h). 

The following compounds were similarly prepared from 
the appropriate precursors, the time of heating under 
reflux being given in parentheses : di-y-chloro-[dichzoro- 
mercury (11)] [ 1,Z-bis (diphe ny Zp hosl,hino)ethunelpaZZadiurn (11) , 
[PdCl,(Ph,PCH,CH,PPh~)HgCl~], as plates (10 min) 
[reaction carried out in chloroform-acetone (2 : I ) ]  ; 
di-y-bromo- [dibrornomercury (II)] bis (diwzethy Zphenylarsine) - 
paZZadium(II), [PdBr,(AsMe,Ph) ,HgBr,], as prisms (19 h) ; 
di-piodo-[di-iodomercuyy (II)] bis (dirnethylphenylursine) - 
~ a l Z a d i u m ( ~ r ) ,  [PdI,(AsMe,Ph),HgI,], as prisms (30 h) ; di-p- 
chZoro-[dichloroinercury ( II)] bis (trii.nethyIplzosphine)platinunz- 
(11),  [PtCl,(PMe,),HgCl,], as prisms (10 inin) [reaction 
carried out in dichloroethane-methyl isopropyl ketone 
(2 : l)] ; di-y-bromo- [dibronzouercury (II)] his (triwzethylphos- 
ph ine)p lu t inum(I I ) ,  [PtRr,(PMe,),HgBrJ, as prisms (4 h) 
(reaction carried out in acetone) ; di-y-chloro- [dichloro- 
mercury (II)] bis (triethyZphosp~zine)pZutinum (11) , [PtCl,(PEt,) ,- 
HgCl,], as plates (5 rnin) (reaction carried out in acetone 
using cis-[PtCl,(PEt,) ,] as precursor ; also obtained from 
the trans-isomer under more vigorous conditions) ; di-y- 
bromo- [dibro~nomerczwy (~~)]bis(triethyZ~~zosphine)~Zutinuwz (11) , 
[PtBr,(PEt,),HgBr,], as plates (5 h) ; di-p-bromo-[dibrowzo- 
wercury ( I I ) ]  bis (dirnethyZ~henyZ~hosphine)plntinum (11) , 
[PtBr,(PMe,Ph) ,HgBr,], as prisms (70 11) (reaction carried 
out in acetone) ; di-y-iodo-[di-iodomercury(~~)] bis(dimethyZ- 
phenyZphosphine)pZatinu~n (11) , [PtI, (PMe,Ph) ,HgI,], as 
prisms (16 h) (reaction carried out in chloroform); di-p- 
chlovo- [dichloromercury ( II)] bis (tr~plzenyZ~Jzosphine)~Zutinunz- 
(11), [PtCl,(PPh,),HgCl,], as prisms (3  h) [reaction carried 
out in acetone-chloroform (2 : l)] ; di-p-chloro-[dichloro- 
mercury (11)] bis (dimet?zyZ~henyZursine)~Zutinum (11) , [PtCl,- 
(AsMe,Ph),HgCl,], as plates (2 min) (reaction carried out 
in acetone) ; d~-p-brorno-[d~bromowze~~cury(~~)] bis(dirnethy1- 
l3henyZursine)pZatinum(II), [PtBr,(AsMe,Ph) ,HgBr,], as 
prisms (22 h) ; di-y-chZoro-[dibvomowzercury(~~)]bis(triethyZ- 
phos~hine)pZat inum(I I ) ,  [PtCl,(PEt,),HgBr,], as plates 
(30 s) ; di-p-chZo~o-[di-iodonzercu~y (~~)]bis(triethyZphosphine) - 
pZatinum(II) ,  [PtCl,(PEt,),HgIJ, as prisms (2 min) ; 
di-y-chZoro-[dibrornomercury(~~)] bis(divnet~cy1phenyZphos- 
phine)pZatinum(II) ,  [PtCl,(PMe,Ph),HgBr,], as prisms (3 
min) ; di-~~-c~zZoro-[dibromo~ercu~y (~~)]bis(diwzethyZpJzenyl- 
arsine)pZatinum(II), [PtCl,(AsMe,Ph),HgBr,], as prisms 
( 10 s) ; di-y-chZoro- [di-iodomercury (11)lbis (dimethylphenyZ- 
nrsine)pZutinuwz(II), [PtCl,(AsMe,Ph),HgI,], as needles (3 
min) . 

l6 R. S. Nyholm and I<. Vrieze, J. Chem. SOC., 1965, 5331. 
17 A. D. ,411en and M. C. Baird, Claena. and Ind., 1965, 139. 

l8 J. B. Fernandez, L. T. Snider, and E. G. Reitz, Ind.  Eizg. 
Chern., Analyt., 1951, 23, 899. 
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Action of Mercuric Chloride on cis-Dibvonzobis(triethyZ- 

phosphine)pZatinuun (11) .--A mixture of mercuric chloride 
(0.44 g) and the dibromoplatinum(I1) complex (0.17 g) was 
dissolved in methanol-chloroform (2 : 1, 15 ml), and the 
reaction mixture was set aside for 48 h:  di-p-chloro-[dichloro- 
~~ercury(~~)]bis(triethyZphosphine)pZatinum(~~) (0.18 g) separ- 
ated out, identified by its far-i.r, spectrum. A similar 
reaction between mercuric chloride and dibromobis(di- 
xnethylphenylphosphine)platinum(II) (reaction time 30 s) 
gave cli-p-chloro-[dichloromercury (11)1bis( dimethylphenyl- 
phosphine)platinum(n), identified by its m.p. and far-i.r. 
spectrum. 

Di-p-chloro-dichZoromercury(II) [ddi-p-chZoro-~~evcury(~~)] bis- 
(t~i~zethyZ~hos~hine)~Zuti~zum(11)-1,2-DichZoroethane, [PtCl,- 
(€'Me,) ,(HgCl,) &,H,CI,, Configuration (11) .-A solution of 
mercuric chloride (0.905 g) in methylisopropyl ketone (10 ml) 
was added to a solution of the dichloroplatinum(I1) complex 
(0.33 g) in 1,2-dichloroethane (20 ml) and the reaction 
mixture was heated under reflux for 4 h. On cooling, the 
solution deposited the product as prisms (0.37 g). 

Action of Mevcuric Chloride o n  cis-DichZorobis(trimethy1- 
phosphine)palZadiuun(II) .-A solution of mercuric chloride 
(0.52 g) in acetone (5 ml) was added to one of the palladium- 
(11) complex (0-19 g) in acetone-1,2-dichloroethane (1 : 1, 
17 ml) a t  ca. 45'. The reaction mixture became dark 
yellow, and deposited a mixture of white and yellow 
crystals. After cooling the solution to 0", the mixed 
product (0-34 g) was filtered off, and extracted with boiling 
ethanol (10 ml), leaving a residue. The yellow extract on 
cooling gave di-p-chZoro-dichZorobis(tri?~etJzylphosphine)- 
pnZZadium(II) (0.025 g) as needles. The residue was 
extracted with boiling acetone (10 ml). On cooling the 
extract it gave hexnchZovobis(trimetJzyZphosphine)tri- 
mercury(I1) (0.04 g) as colourless needles, m.p. 267-273" 
(decomp.) (Found: C, 7.35; H, 1.75. C,H,,Cl,Hg,P 
requires C, 7.45; H, 1.9yo). A similar reaction between 
mercury chloride and tvans-dichlorobis(trially1phosphine)- 
palladium( 11) gave di-p-chloro-dichlorobis(trially1phos- 
phine)dipalladium (11) (identified by comparison of its lH 
n.m.r. spectrum with that of an authentic sample,lg and 
tetrachlorobis (tvially Zphosphiae) diunercury (11) as colourless 
prisms, 1ii.p. 139-141.5" (Found: C, 25.1; H, 3.45. 
Cl,H,oCl,Hg,P, requires C, 25.4; H, 3.55%). v(C=C) 
1631 cm-1 ( s )  ; C-H deformation of CH, group 1410 cm-l (s) ; 
C-H deformation of RCH=CH, 990 cm-l (vs); C-H 
deformation of RCH=CH, 9 19 cm-l (vs) . 

Action of Mercuric Chloride o n  trans-Hydridochlorobis- 
(triethyZphosphine)plutinum(11) .-A solution of mercuric 
chloride (0-50 g) in methanol (10 ml) was added to a solution 
of the hydrido-complex (0.20 g) in methanol (20 ml). The 
reaction mixture was heated to b.p., then put aside a t  20" 
for 6 h. A grey precipitate 
(identified as mercurous chloride) was filtered off. On 
removal of about half the bulk of the solvent under reduced 
pressure, the residual solution gave di-p-chlovo-[dichloro- 
~nercury(~~)]b is ( t r ie thyZ~hos~hine)p la t inuvn(~~)  as plates 
(0.19 g) identified by comparison of its far-i.r. spectrum with 
that of an authentic sample (see above). The residual 
mother-liquors, on spontaneous evaporation a t  ambient 
temperature, gave yellow prisms (0.02 g) of trans-dichloro- 
bis (triethylphosphine) platinum (11) , m .p. 14 1-1 43" (lit., 2o 

142-143') (Found: C, 29.15; H, 6.15. Calc. for 

Its pH had decreased to ca. 3. 

1 9  P. G. Douglas and B. L. Shaw, unpublished results. 
20 K. A. Jensen, 2. anovg. Chern., 1936, 229, 226. 

CI,H,,Cl,P,Pt: C, 28.7; H, 6.0%). A similar reaction 
between mercuric chloride and trans-hydridochlorobis(di- 
ethylphenylphosphine) platinum(r1) gave a precipitate shown 
to contain mercurous bromide and mercury, and a solution 
from which di-~-chZoro-[dichZoromercury(~~)]bis(diethyZ~henyZ- 
phosphtine)pZatinum(11) was isolated as prisms. 

Action of Mercuvic Bromide o n  trans-Hydridobvovtaobis- 
( tr ie thyZ~hosphine)~Za~inu~(II)  .-A solution of mercuric 
bromide (0-30 g) in methanol (4 ml) was added to a solution 
of the hydrido-complex (0.16 g )  in methanol (10 ml). A 
flocculant yellow precipitate appeared, and the pH of the 
solution fell to ca. 2. The reaction mixture was maintained 
a t  b.p. for 1 min, cooled, and a grey precipitate (identified as 
mercurous bromide) was filtered off. The mother-liquor a t  
0" deposited cis-dibromobis(triethylphosphine)platinum(II) 
(0.12 g) as white prisms (identified by analysis and by its 
m.p.). A similar reaction between mercuric iodide and 
trans-hydridoiodobis (triethylphosphine) platinum(11) gave an 
insoluble greyish-yellow solid and an acidic solution from 
which tram-di-iodobis(triethylphosphine)platinum(II) was 
isolated as yellow prisms (68%), identified by analysis, m.p., 
and its far-i.r. spectrum.21 

Action of Sodium Iodide o n  Di-p-chloro-[dichloro- 
unercury(11)] bis(diethyZ~Jzeny1~2zos~hine)~aZZadiurn (11) .- 
Sodium iodide (0-40 g) was added to a solution of the 
mercuric chloride adduct (0.20 g) in acetone (10 ml). After 
being put aside for 30 min, the reaction mixture was evapor- 
ated to about half its bulk under reduced pressure, water 
(0.4 ml) and ethanol (10 ml) were added, and the solution 
put aside a t  - 20" trans-di-iodobis(diethyZphenyZphosphine)- 
PnZZadium(11) crystallised out as dark orange-red prisms 
(0.16 g, 93%), m.p. 123-125-5' (Found: C, 34.5; H, 4-35; 
Pd, 16-4. C,,H,,I,P,Pd requires C, 34.7; H, 4.35; Pd, 
15.35%). A similar reaction between lithium bromide and 
di-p-chloro-[dichloromercury (n)]bis (diethylphenylphos- 
phine)platinum(II) gave cis-dibromobis(diethyZphenyZfihos- 
phine)pZutinuun(II) as very pale cream prisms, m.p. 190- 
193' (Found: C, 35-1 ; H, 4.3. C,oH,oBr,P,Pt requires C, 
34.95; H, 4.4; Pt, 28.4%). A similar reaction between 
sodium iodide and di-p-chloro-[dichloromercury (II)] bis(di- 
methylphenylarsine) platinum(11) gave di-iodobis(dimethy1- 
phenylarsine)platinum(Ir) (80%) , identified by its m.p. 
(158.5-160.5") (lit.,22 155-157") and by analysis. A 
similar reaction between sodium iodide and [dichloro- 
mercury (11) -di-p-chloromercury (11) di-pchloro]bis(trimethyl- 
phosphine) platinum (11)- 1,2-dichloroethane gave trans-di- 
iodobis (trimethylphosphine) platinum (11) (70 yo), identified 
by its m.p. (192-194') (lit.,z1 194') and by analysis and 
comparison of far-i.r. spectrum.21 

Action of Chlorine on Di-~~.-chZoro-[dicJzZoro~ercury(~~)]bis- 
(diunethylphenylphosphine)pZutinum (11) .-The mercuric 
chloride adduct (0.058 g) was suspended in chloroform (7 ml), 
and a rapid stream of chlorine was passed through the 
suspension for some minutes. Partial removal of the 
solvent under reduced pressure gave cis-tetrachlorobis- 
(dimethylphenyZplzosplzine)pZatinuvn(Iv) as yellow prisms 
(0.028 g, 65%), m.p. 194-196' (Found: C, 31.3; H, 3-85. 
Cl,H,,Cl,P,Pt requires C, 31.35; H, 3.6%). 

Nuclear Magnetic Resonance Spectra.-lH N.m.r. spectra 
were recorded a t  ca. 34" a t  60 MHz on a Perkin-Elmer R.10 

21 P. L. Goggin and R. J. Goodfellow, J .  Chem. SOC. ( A ) ,  1966, 

22 A. C. Smithies, P1i.D. Thesis, The Tinixw-sity of Leeds, 
1462. 

1966. 
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Spectrometer, using tetraiiiethylsilane as an internal We thank the former Heavy Organic Chemicals Division 
reference standard. of I.C.I. Ltd., for financial support, and acknowledge the 

Infrared Spectm.-These spectra were recorded on a interest of (the late) Professor Sir Ronald Nyholm in this 
Grubb-Parsons G.S.4 spectrometer (2500-400 cm-l) and a work. 
Grubb-Parsons D.B.3/D.N.2 spectrometer (450-200 crn-l). [2/2287 Received, 4th Octobev, 19721 
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