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Synthesis and Fluorine-19 Nuclear Magnetic Resonance Spectra of 
Trif luoromethylthio-complexes of Platinum, Palladium, Nickel, and 
Iridium 
By Keith R. Dixon, Kenneth C. Moss,' and Martin A. R. Smith, Department of Chemistry, University of 

Victoria, Victoria, British Columbia, Canada 

Oxidative addition reactions of  (SCF,) , t o  low oxidation state metal complexes and metathetical reactions of 
AgSCF, w i th  metal halide complexes lead to  the synthesis o f  the new complexes cis- and trans-[Pt(SCF,),(PPh,),]. 
cis- and trans- [ Pt CI (SCF,) ( PPh,) ,I, trans- [ Pt H (S C F,) (PPh3) ,I, rrans- [ Pt H (SC F,) (PEt,) ,I, cis- [ PtCl (SCF,) - 
( PEt,),], cis- and trans- [Pd (SCF,),( PPh,) 2], trans- [ PdCl (SCF,) (PPh,) ,I, trans- [ PdCl (SCF,) (PEt,),], trans- 
[Ni(SCF,),(PPh,),] and trans-[Ir(SCF,)(CO) (PPh,),]. 19F N.m.r. spectra o f  these complexes are described and 
used t o  assign the stereochemistry. The trans-influence of the SCF, ligand is discussed and the platinum-fluorine 
coupling constants in a series of SCF, complexes are used to establish a trans-influence series: H > PEt, - 
PPh3 > SCF, > CI. 

THERE has been much recent interest in the question of 
n-bonding between transition metals and ligand atoms 
having available d-orbitals. In particular, the n.m.r. 
spectra of tertiary phosphine complexes have been 
extensively studied in order to assess the relative im- 
portance of 0- and x-bonding contributions to the high 
tram-influences of these 1igands.l It has also been 
pointed out that platinum metal complexes of sulphur 
containing ligands may have a high degree of involve- 
ment of the sulphur d-orbitals in the metal-ligand bond.2 
Consequently we considered it of interest to investigate 
the platinum metal complexes of the trifluoromethylthio- 
ligand in the hope that the 19F n.m.r. spectra could be 
used to detect changes in metal to ligand bonds. 

Previous studies of trifluoromethylt hio-complexes have 
used three main preparative routes. Grobe and Kober 
studied thermal reactions of CF,SX (X = SCF,, SCH,, 
SC,H,, or Cl) with Mn,(CO),,, Davidson and Sharp * 
utilised photochemical reactions of (SCF,), with a 
variety of low oxidation state cyclopentadienyl and 
carbonyl complexes and King and Welcman 5 used meta- 
thetical reactions of AgSCF, with metal carbonyl halides. 
Prior to our study the only examples of platinum and 
palladium compounds containing the SCF, ligand were 
diene complexes (e.g. [Pt (SCF,),(C,H,)]) and the com- 
plex J LPd2 ( SCFd, PPhJ 21 * 

RESULTS AND DISCUSSION 

Platinum CornpEexes.-Oxidative addition reactions of 
bis(trifluoromethy1)disulphide to platinum(()), palladium- 
( O ) ,  and nickel(0) complexes seemed to offer the simplest 
route to [M(SCF,),(PPh,),] derivatives. Accordingly 
the reaction of [Pt(PPh,),] with (SCF,), under Hg ir- 
radiation was studied. The greenish yellow product 
analyses as [Pt(SCF,),(PPh,),] and has a molecular weight 
in dibromomethane of 91 1 (calculated, 922). However, 
l9F n.m.r. spectra show the presence of approximately 
equal quantities of two compounds which can be assigned 
as cis- and trans-isomers. 

J .  F. Nixon and A. Pidcock, Ann. Rev. N.M.R. Spectro- 
scopy, 1969, 2, 346. 

J. Chatt  and J. M. Davidson, J .  Chem. SOC., 1964, 2433. 
J. Grobe and F. Kober, J .  Organoinetallic Chewa., 1970, 24, 

191. 
J. L. Davidson and D. W. A. Sharp, J.C.S. D a l t o ~ ,  1972, 107. 

The 19F n.m.r. spectrum of trans-[Pt(SCF,),(PPh,)d 
exhibits a simple first order pattern of a triplet of triplets 
in the relative ratios 1 : 4 : 1, derived from coupling with 
two equivalent phosphorus atoms and with 33.8% of the 
platinum atoms (lg5Pt, I = 1/2). The spectral para- 
meters are given in the Table. However, in cis- 
[a t  (SCF3)2(PPh3)2] the phosphorus atoms are magnetic- 
ally non-equivalent and the resulting l9F spectrum is not 
first order. It is an X,AA'X', system consisting of a 
central multiplet with l g 5 P t  sidebands. The multiplet 
has a main doublet with fine structure between the two 
peaks and with additional weak lines either side of the 
doublet. Analysis by standard methods' for an 
X,AA'X', system, assuming J(XX') = 0, gives the 
parameters shown in the Table. An interesting and ini- 
portant feature of the system is the ability to determine 
2J(PP) from the l9F spectrum. Determination of phos- 
phorus-phosphorus coupling constants by analysis of 
X,AA'X', spectra has previously been restricted, with the 
exception of a few [Pt(CH,),(PR,),] complexes, to cases 
where X (= IH or l9F) and A (= 3IP) are in the same 
ligand.8 The range of phosphorus ligands which can be 
studied is thus automatically restricted whereas our 
system is applicable to  a wide range of ligands. Further 
work is in progress to measure a range of ,J(PP) values by 
this method. 

Confirmation that the two spectra are due to cis- and 
trufis-isomers is obtained by adding ca. 10 mol yo of tri- 
phenylphosphine to the mixture of dichloromethane 
solution. Over a few hours at 25' the 19F resonances due 
to the cis-isomer decrease in intensity and those due to 
the truns-isomer increase until finally the pure traits- 
isomer can be isolated from the solution. 

Pure cis-[Pt(SCF,),(PPh,),] is obtained by reaction 
of cis-[PtCl,(PPh,),l with AgSCF,. cis-[PtCl(SCF,)- 
(PPh,),] is also obtained from this reaction but although 
the yields of the mono- or bis-trifluoromethylthio-corn- 
plexes can be maximised by suitable choice of the 
P t  : Ag reactant ratio, neither complex can be obtained 

R. B. King and N. Welcman, I?zorg. Chem., 1969, 8, 2540. 
R. B. King and A. Efraty, Inorg. Chem., 1971, 10, 1376, 
R. K. Harris, Canad. J .  Chem., 1964, 42, 2275. 
E. G. Finer and R. K. Harris, Prop.  N.M.R. Spectroscopy, 

1970, 6, 61; J. F. Nixon and J. R. Swain, J.C.S. Dalton, 1972, 
1038. 
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uncontaminated by the other and separation by chro- 
matography is always necessary. The stereochemistry 
of cis-[PtCl(SCF,)(PPh,),] is confirmed by the 19F n.m.r. 
spectrum which shows a doublet of doublets (with lg5Pt 
sidebands) due to  coupling to  two chemically non- 
equivalent phosphorus atoms. Addition of ca. 10 mol yo 
of triphenylphosphine to a solution of cis-[PtCl(SCF,)- 
(PPh,),] in dichloromethane gives conversion to  an 
approximately 1 : 1 mixture of cis- and trans-isomers 
after 24 h at 25". The trans-isomer was not isolated but 

Complex 
~~s-[P~(SCF,),(PP~,),] d 

ira 12s- [ Pt (SCF,) , (PPh,) ,3 
cis-[PtCl(SCF,)(PPh,),] 

t~atzs-[PtCl(SCF,) (PPh,) 2] 

Ivans-[PtH(SCF,) (PPh,),] 0 

ivans-[PtH(SCF,) (PEt,),] J 

cis- [PtCI (SCF,) (PEtJ 21 

cis-[Pd(SCF,)Z(PPh,),] 

fual~s-~Pd(SCF,)Z(PPh,),l 

ti~ans-[PdCI(SCF,)(PPh,),] 

tvaizs-[PdCI(SCF,) (PEt,) ,] 

tvam-[Ni(SCF,) ,( PPh,) ,] 

tvans-[Ir(SCF,) (CO) (PPhJ,] 

Colour 
Yellow- 

green 
Colourless 

Colourless 

Yellow- 
green 

Colourless 

Yellow 

Colourless 

Yellow- 

Yellow- 

Orange 

Yellow 

Purple 

Brown 

orange 

orange 

[PtCl(SCF,)(PPh,),] confirms the stereochemistry of the 
latter complex. 

Palladium Complexes.-When photochemical reactions 
of (SCF3)z with [Pd(PPh,)l;l were attempted we ex- 
perienced some difficulty, since samples of [Pd( PPh,),] 
prepared by sodium borohydride reduction of tram- 
[PdCl,(PPh,),] lo react with (SCF,), t o  give products 
containing trans-[PdCl(SCF,) (PPh,),] . Presumably the 
[Pd(PPh,)$ still contains some reduction intermediates, 
perhaps a chlorohydride, since (SCF,), does not react 

leF N.m.r. data G Analytical L data a A 

r r Y 

31.p. ("C) %C % H  % S  nib\  I 

215-217 

179-180 

239-244 
dec. 

152-1 53 

Oil 

85-90 

137-143 

174-1 76 

48-50 

175-1 85 
dec. 

dec. 
205-215 

49.3 3.1 

49-9 3.4 

50.9 4-0  
(51.91 (3-5) 
Not isolated. 

54.5 3.9 
(54.2) (8.8) 

(49.5) (3.3) 

(49.5) (3.3) 

27.6 5.1 
(27.6) (5.3) 
Not isolated. 

55.1 4.1 
(54.8) (3.6) 
57.6 3.9 

33.8 6.6 
(32.6) (6.3) 
58.0 4.0 

(58.1) (3.8) 
51.8 3.9 

(54.0) (3.6) 

(57-9) (3.9) 

3J(FPt) 4J(FPci,) 
50 1.8 

83 1.8 

63 1.0 

118 1.5 

50 1.0 

52 0.8 

61 ( 1  

3.5 

3.5 

3.5 

2.8 

< 1  

1.0 

4J ( FPtm,) s 
9.3 22.8 

25.6 

11.5 22.4 

26.4 

21.4 h 

19.7 

9.5 20.5 

7.5 20.1 

22.0 

22.6 

21.3 

43.3 

25.4 k 

a Required values in parentheses. Coupling constants (Hz); chemical shifts in CH,Cl, solution 
(p.p.m. upfield from CFCl, external reference). * A cis-tvans-isomer mixture analysed as follows: C, 49-8 (49.5) ; 
H, 3.6(3.3) ; S, 6.7 (7.0) % ; M 911 (922). f This complex partially melted a t  179-180", resolidified and finally melted a t  215-217", 
presumably as a result of formation of cis-isomer. 0 N.m.r. data for hydridic hydrogen (C&f, solution) : 6 = 10.9 p.p.rn. upfield 
from Me,Si external reference, lJ(HPt) 1000, "(HP) 13.5, 4J(HF) 6.0 Hz. N.m.r. data for hydridic hydrogen 
(C,H, solution) : 6 = 12.8 p.p.m. upfield from Me,Si external reference, lJ(HPt) 1152, J(HP) 13.2, 4J(HF) 6.2 Hz. Molecular 
weight determined by mass spectroscopy, observed isotopic patterns in agreement with those calculated. trans-[PtH(SCF,) (PEt,) ,] 
gave [PtH(SCF,) (PEt,)] as the highest mass fragment. k CHCI, solution. 

CH,Br,solution a t  50". 
,J(PP) 6.5 Hz. 

* C,H, solution. 

is clearIy characterised by its 19F spectrum which is 
similar to that of trans-[Pt(SCF,),(PPh,),]. 

The complexes trans-[PtH(SCF,) (PPh,),], trans- 
[ PtH ( SCF,) ( PEt J,] , and cis- [P t C1( SCF,) ) PE t,) ,] are also 
obtained by reaction of AgSCF, with the corresponding 
chloro-complexes and all have the expected first order 
19F n.m.r. spectra. The hydrides were used to study the 
tram-influence of the SCF, ligand (see below) and the last 
complex serves as a final check on the correctness of our 
stereochemical assignments. The cis-arrangement of tri- 
ethylphosphine ligands is confirmed by established 
criteria (using the 700-800 and 400-450 cm-l regions 
of the i.r. spectrum and the appearance of the methyl 
resonance as two overlapping triplets in the lH n.m.r. 
spectrum) and consequently the similarity of the I9F 
n.m.r. spectra for cis-[PtCl(SCF,)(PEt,),] and cis- 

E. W. Randall and D. Shaw, MoZ. Phys., 1965, 10, 41; 
H. C. Clark and K. R. Dixon, J .  Awev. Chem. SOC., 1968, 90, 
2259; G. W. Bushnell, K. R. Dixon, K. G. Hunter, and J. J. 
McFarland, Caiaad. J. Chem., 1972, 50, 3694. 

directly with trans-[PdCl,(PPh,),]. Preparations of 
[Pd(PPh,)l;l by the hydrazine reduction method recently 
described by Coulson give much higher yields than the 
previous method and reaction of the product with 
(SCF,), gives only cis- and trans-[Pd(SCF,),(PPh,)&. 
Only about 10% of cis-isomer is formed, whereas platinum 
gives about 50% cis, but this is consistent with known 
isomer ratios in other complexes.12 Solutions of the 
isomer mixture spontaneously isomerise (over ca. 1 h) to  
the pure trans-isomer and this, together with the small 
proportion of cis-isomer, prevents us from obtaining a 
19F n.m.r. spectrum of the cis-isomer of sufficient quality 
to  determine 2J(PP). 

trans-[PdCl (SCF,) (PPh,) ,] and tram- [PdCl (SCF,) - 
(PEt,),] result from reactions of the corresponding di- 
chloro-complexes with AgSCF,. Unlike the platinum 

lo L. Malatesta and &I. Rngoletta J. C h e w  SOC., 1957, 1186. 
l1 D. R. Coulson, Inovg. Synth., 1972, 13, 121. 
1, J .  Chatt and R. G. Wilkins, J .  Chew. Soc., 1956, 525. 
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stants, together with our value of 1152 Hz for lJ(PtH) 
in trans-[PtH(SCF,)(PEt,),], the following scale of trans- 
influence can be established. CH,Si(CH,), lS > CN l6 > 
PEt,l4 > P(OMe),l4 > P(OPh),14 > PPh,14 - 
CNAr14 - CNR1* > C2H,17 > C 0 l 4  > N0,16 - 
NCO l6 - NCS l6 N Py l4 > N3 l8 ,- SCF, > SCN l6 > 
C1 l6 - CF,C02 lQ > NO, l6 > Br l6 > I.16 Owing to 
the poor correlation mentioned above a slightly different 
scale arises if v(PtH) values are used (v(PtH) for trans- 
[PtH(SCF,) (PEt,)J = 2132 cm-l (benzene)) but the 
main features are the same. The stretching frequencies 
are probably a less reliable probe than the coupling con- 
stants because of their greater sensitivity to solvent 
effects. 

The above results indicate that the SCF, ligand has a 
relatively weak tram-influence, similar to that of SCN 
and those of nitrogen donor ligands. There are fewer 
data for comparison with trans-[PtH(SCF,) (PPh,),] 
(IJ(PtH) = 1000 Hz, v(PtH) = 2201 cm-l (Nujol)) but 
those available suggest similar conclusions (e.g. trans- 
[PtHCl(PPh,),] has lJ(PtH) = 1210 Hz and v(PtH) = 
2236 c1n-l whereas [PtH(PPh,),]+ has lJ(PtH) = 774 
Hz and v(PtH) = 2145 cm-1).23024 

(2) Carbonyl stretching frequeizcies. v(C0) in tram- 
[Ir(SCF,)(CO) (PPh,),] in chloroform solution occurs at 
2007 emv1. Comparison of this result with those 
reported by Vaska and Peone25 for other trans- 
[IrX(CO)(PPh,),] complexes suggests that SCF, is a 
highly effective competitor for metal to ligand se donation 
since E./ans-[Ir(SCF,) (CO) (PPh,),] has the highest v(C0)  of 
the series. However, examination of v(C0) frequencies 
in other SCF, complexes does not support this conclusion. 
For example, the frequencies of [Mo(SCF,) (CO),(x-C,H,)] 
(2048, 1981, and 1966 cm-l) * and [MoCl(CO),(x-C,H,)] 
(2055, 1980, and 1960 cm-l) 26 are very similar, as are 
those for [Re(SCF,)(CO),] (2145, 2042, and 1998 cm-l) ti 
and [ReCl(CO),] (2156, 2045, and 1982 ~m-l ) .~’  This 
suggests that other effects such as steric or solvent inter- 
actions may be important in the iridium series and we do 
not consider that the evidence requires the SCF, ligand 
to have a high affinity for x back donation. 

(3) Metnl--chlori?ze stretching fiyzcencies. v( PtC1) 
frequencies have also been correlated with lJ(PtH> values 
and with trans-influence series.14 Only a few of our com- 
plexes have SCF, trans to C1 but the results are in line 
with our conclusions in (1) above. Thus v(PdC1) trans to 
SCF, occurs at 317 and 318 cm-l in Nujol mulls of tram- 
[PdCl(SCF,) (PEt,),f and tram-[PdCl(SCF,) (PPh,),] res- 
pectively; v(PdC1) trans to C1 is at 360 cm-l in trans- 

complexes, no problems are encountered with contamin- 
ation of the products by bis(trifluoromethy1thio) com- 
plexes, presumably because in the trans palladium species 
the second chlorine is not labilised by a tram phosphorus 
atom as it is in the cis platinum compounds. 

The I9F n.m.r. spectra of all the palladium complexes 
are similar to those of the platinum analogues except, of 
course, for the absence of lg5Pt sidebands. The i.r. and 
lH n.m.r. criteria mentioned above confirm the stereo- 
chemistry of trans-[PdCl(SCF,) (PEt,),]. 

Nickel, Rhodiwt , aitd Iridium Complexes.--The prepar- 
ation of [NifPPh,),] by Tolman’s method l3 is much 
improved by the use of sodium borohydride instead of 
zinc as the reducing agent, since the reaction time is 
reduced from 24 h to 5 min. The product reacts with 
(SCF,),, even without irradiation, to give a small yield 
of tralzs-~i(SCF,),(PPh,)J. The trans square planar 
stereochemistry is confirmed by the diamagnetism of the 
complex (which excludes tetrahedral co-ordination) and 
by the appearance of the 19F n.m.r. spectrum as a single 
triplet due to  coupling with two equivalent phosphorus 
atoms. 

Photochemical reactions of tra.zzs-[IrCl(CO) (PPh,),] or 
[RhCl(PPh,),] with (SCF,), and metathetical reaction of 
the rhodium complex with AgSCF, do not yield isolable 
SCF, complexes but reaction of the iridium complex with 
AgSCF3 gives trans-[Ir(SCF,)(CO)(PPh,)~. 19F n.m.r. 
spectra of this complex show a single triplet due to 
coupling with phosphorus. 

The TriJ.luoroitzet~ylthio-liga~~d.-Four types of data 
from our study can yield information on the nature of the 
SCF, ligand. 

(1) PLatinum-hydrogen coztpling constafits and stretchiq 
frequencies. For complex cations of the type, trans- 
[PtHL(PEt,)a+, where L = neutral ligand, a linear 
correlation has been established between lJ(PtH) and 
v(PtH) as the trans ligand L is varied. Small values of 
J(PtH) and v(PtH) are considered to reflect a high trans- 
influence for the ligand L and in particular a high 
affinity for the platinum 6s 0rbita1.l~ For the neutral 
complexes trans-[PtHX(PEt,),], where X = anionic 
ligand, the correlation of lJ(PtH) with v(PtH) is rather 
poor but a general trend certainly The data 
for neutral and cationic species do not appear to have 
been correlated by previous authors but we find that 
when both sets are plotted on one graph the spread of 
data is sufficient to make it unnecessary to postulate two 
separate lines (Le. one for neutral and one for anionic 
ligands). Using the previously reported coupling con- 

l 3  C. A. Tolman, W. C .  Siedel, and D. H. Gerlach, J .  Amer. 
Chem. SOC., 1972, 94, 2269. 

14 M. J .  Church and h’l. J. Mays, J .  Chem. SOC. ( A ) ,  1968, 
3074. 

B. Wozniak, J. D. Kucldick, and G. Wilkinson, J .  CIzenz. 
SOC. { A ) ,  1971, 3116. 

J .  Powell and B. L. Shaw, J .  Chena. SOC., 1965, 3879. 
1’ A. J. Deeming, B. I;. G, Johnson, and J. Lewis, Chetn. 

Co%zm., 1970, 598. 
18 A. Pidcock, unpublished observations. 
19 P. W. Atkins, J. C. Green, and M. I,. H. Green, J .  Chew. 

20 J. Chatt and B. L. Shaw, J .  Chew. SOL, 1962, 5075. 
SOC. ( A ) ,  1968, 2275. 

21 G. Socratcs, J .  Inorg. Nuclear Chew., 1969, 3, 1667. 
22 I. V. Garilova, M. I. Gel’fman, N. IT. Ivannikova, and 

1‘. V. Razumovskii, Russ .  J .  Inorg. Chew., 1971, 16, 596. 
23 J. T. DumIer and R. M. Roundhill, J .  Ovganometallic CJi(nm., 

1972, 30, C35. 
24 K. Thomas, J. T. Dumler, B. W. Renoe, C. J. Nyman, and 

R. ill. Roundhill, Inovg. Chem., 1972, 11, 1795. 
26 L. Vaska and J. Peone, jun., Chern. Comtn., 1971, 418. 
26 T. S. PiDer and G. Wilkinson, T .  Inow. Nucleav CAenz.. 

- v  

1956, 3, 104. 

9, 310. 

Y 

27 31. A. El-Sayed and H. D. Kaesz, J .  Mol .  Spectvoscopy, 1962, 
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[PdCl,(PPh,)J 28 and v(MCI) tmns to PPh, is at 290, 300, 
and 312 cm-l in cis-[PtC1(SCF3)(PEt,),], cis-[PtCl(SCF,)- 
(PPh,)J and [PdC1(PPli,),][BFh] 29 respectively. 

A scale of 
traizs-influence can also be established using SCF, itself 
as a probe ligand. The variation of 3J(PtF) values 
(Table) with the ligand trans to the SCF, group gives 
the following order of tram-influence: H > PEt, - 
PPh, > SCF, > C1. This is similar to the series derived 
above from hydride data and also to the series obtained 
by previous authors using 2J(PtF) in trifluoromethyl 
platinum cornplexe~.~~ However, compared with pre- 
vious probe ligands the SCF, probe is very sensitive. 
3J(PtF) changes by almost 100% when the tram group 
changes from PEt, to C1 whereas "((PtF) in the tri- 
fluoromethyl complexes 30 changes by 40%. We attri- 
bute this sensitivity to the fact that SCF, is itself a 
rather weak tram-influence ligand and further work is in 
progress to use SCF, t o  establish tram-influences for a 
wide range of ligands. 

(4) Platinum-jluorine couplhg constawts. 

EXPERIMENTAL 

Data relating to the characterisation of the complexes are 
given in the Table. Microanalyses were by Schwartzltopf 
Microanalytical Laboratory, New York, or by Chemalytics 
Inc., Tempe, Arizona. Molecular weights were determined 
for the triphenylphosphine complexes by osniometry in di- 
broniomethane solution a t  50" using a Hitachi-Perkin- 
Elmer model 115 vapour phase osmometer and for the tri- 
ethylphosphine complexes by mass spectrometry using a 
Hitachi-Perkin-Elmer RMU7E, double focussing spectro- 
meter. N.m.r. spectra were recorded on Perkin-Elmer 
R 12A or Varian HA 60 spectranieters using tetramethyl- 
silane and fluorotrichloromethane as external references and 
with signal to noise enhancement using a Northern Scientific 
NS 560 time averaging computer. The diamagnetism of 
trans-[Ni(SCF,) 2( PPh,),] was established by the n.ni.r. 
method of Evans 3 l  using tertiary butyl alcohol as the refer- 
ence signal in chloroform solution. 1.r. spectra were 
recorded (4000-250 cm-l with accuracy f3 cm-l) on a 
Beckman 1K 20 spectropliotometer calibrated against 
polystyrene film and water vapour. Solid samples were 
examined as Kujol mulls between caesium iodide plates. In 
general these spectra showed the expected ligand absorp- 
tions including very strong, poorly resolved C-F stretching 
absorptions in the 1050-1 150 cm-l region. The positions 
of other important absorptions are given where appropriate 
in the Discussion section. Metal-sulphur stretching absorp- 
tions were not identified and are expected 32 to occur close to 
or below 250 cm-1, the limit of our instrumentation. 

Reactions were conducted in an atmosphere of nitrogen 
deoxygenated by passage through acidic chromous chloride 
solution and dried by type 4A molecular sieves. Pentane 
was dried by distillation from P,O, and stored over sodium. 

2 8  H. C. Clarke and I<. R. Dixon, J. Anzer. Cheiiz. SOC., 1969, 
91, 596. 

29 K. R. Dixon and D. J .  Hawke, Caiiad. J .  C h i n . ,  1971, 49, 
3252. 

T. G. -%ppleton, $1. H. Chisholm, H. C. Clark, and L. E. 
Manzer, Iaovg. Chem., 1972, 11, 1786. 

31 D. F. Evans, Pvoc. Chem. Soc., 1958, 116; J .  C h e m  SOC., 
1959, 2003. 

32 1). Forster and D. 11. L. Goodgame, Iizovg. Cliciiz., 1965, 4, 
715. 

Benzene was dried by sodium and other solvents were dried 
by type 4A molecular sieves. 

Bis(trifluoromethy1) disulphide was obtained from Penin- 
sula Chemicals, Florida, and was used as received. The 
complexes [MCl,L2], M = Pd 2* or Pt 3,fi34 and L = PEt, 
or PPh,; trans-[PtHClL,], L = PEt, 2o or PPh, 34; 

[M(PPh,)J, M = Pd 11 or Pt 35; trans-[IrCl(CO)(PPh,),] 36 
and AgSCF, 37 were prepared as previously described. 
[Ni(PYh,),] was prepared by a modification (see below) of the 
published procedure.13 

Preparations using (SCF,),.-These were carried out by 
irradiation of the reactants in either Pyrex or silica vessels 
using a low pressure mercury lamp. Reactions in Pyrex 
generally gave better yields but reactions in silica gave no 
evidence for the formation of elemental sulphur which had 
been reported p r e v i o ~ s l y . ~ ~  

Pt(PPh,), (2.1 g, 1.7 mmol) 
and (SCF,), (2 g, 10 mmol) in pentane (100 ml) were ir- 
radiated with vigorous stirring at  25" for 30 min. The off- 
white precipitate was separated by filtration and dissolved 
in the minimum volume of acetone. Addition of water until 
a precipitate just began to form followed by cooling to - 20" 
gave a 45 : 55 mixture of cis- and trans-[Pt(SCF,),(PPh,)J 
(0.90 g, 0.98 mmol) as yellow-green platelets. A sample of 
the isomer mixture was dissolved in acetone with PPh, (ca. 
10 mol yo) and, after 24 11, diethyl ether was added to pre- 
cipitate the complex. Recrystallisation from acetone-water 
as above gave almost colourless platelets. 

A similar procedure using 
Pd(PPh,), (3.0 g ,  2.6 niniol) and (SCF,), (2 g, 10 mmol) gave 
a 10 : 90 mixture of cis- and trans-[Pd(SCF,),(PPh,)~ 1.9 g ,  
2-3 nimol). Stirring in ethanol to remove ethanol soluble 
impurities followed by recrystallisation from acetone by 
addition of an equal volunie of heptane, followed by cooling 
to -2O", gave the complex as yellow-orange crystals. 

NiC1, (0.71 g, 5-5 mmol) 
and PPh, (5.5 g, 21 mmol) were heated under reflux in 
acetonitrile (75 ml) for 45 min. After cooling to 25" 
NaBH, (0.42 g, 11 mmol) was added to the stirred solution. 
After 10 min the resulting red-brown precipitate of Ni(PPh,) 
was separated by filtration and transferred under a nitrogen 
atmosphere to the irradiation apparatus. (SCF,), (2 g, 10 
mmol) and lieptane (100 ml) were added and the mixture 
irradiated for 45 min. The resulting purple-brown precipi- 
tate was dissolved in a minimum of acetone and brown 
impurities precipitated by addition of pentane. After 
filtration the product slowly crystallised from the filtrate. 
Final purification by chromatography on a Florisil column 
eluted with benzene gave the coinplex as purple crystals 
(0.25 g, 0.32 mmol). 

Preparations using AgSCF,.-(a) cis-[PtCl(SCF,) (PPh,),]. 
A solution of AgSCF, (0.23 g, 1.1 mmol) in acetone (10 ml) 
was added dropwise to a stirred solution of cis-;PtCl,(PPh,),] 
(0.67 g, 0.85 mmol) in dichloromethane (15 ml) a t  25". 
After stirring for 30 min filtration gave impure AgCl (0.17 g, 
ca. 1.1 mmol). Evaporation of the filtrate to small bulk 

(a) trans-[Pt(SCF,},(Plh,).J. 

(b) tvans-[Pd(SCF,),(PPh,),]. 

(c) trans-[Ni(SCF3),(PPh,),1. 

33 I<. A. Jcnsen, 2. anovg. CIzent., 1936, 229, 238. 
3* T. C. Uailar and €3. Itatani, Iizovg. Clzewz., 1965, 4, 1618. 
35 13. Ugo, l?. Cariati, and G. La Monica, Inoi/g. Sytzth., 1968, 

3c J .  I-'. Collman, C. T. Scars, jun., and 31. Kubota, Imwg. 

37 H. J .  EmelCus and D. E. MacDuffic, J. Clietn. SOC., 1061, 

38 G. A.  R. Rrandt, H. J .  I~mcldus ,  and I<. 5. Hazeldine, 

11, 105. 

Syntlt., 1968, 11, 101. 

2597. 

J .  Chrnt. SOC., 1052, 2198. 
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under reduced pressure followed by addition of dietliyl ether 
gave white crystals (0.55 g). Chromatography of this 
product on a Florisil column gave cis-[Pt(SCF,),(PPh,),] 
(0.15 g, 0.16 mmol) on elution with benzene and the cowzplex 
(0.33 g, 0.39 mmol) on elution with acetone. The complex 
was recrystallised from dichloromethane by addition of di- 
ethyl ether until precipitation just began, followed by stand- 
ing a t  25". The use of 1.3 mol of AgSCF, per mol of cis- 
[PtCl,(PPli,)J in the above reaction was designed to 
minimise contamination of products by unreacted cis- 

A procedure similar to (a) 
above but using AgSCF, (0.26 g, 1.2 minol) and cis- 
[PtCl,(PPh,),] (0.49 g, 0.62 mmol) gave cis-[PtCl(SCF,)- 
(PPh,),] (0.11 g, 0.13 mmol) and the compZex (0.29 g, 0.32 
mmol) . The latter product was recrystallised from acetone 
by addition of water until precipitation just began, followed 
by cooling to -20". 

(c) trans-[PtH(SCF,) (PPh,),]. A procedure similar to 
(a) above but using AgSCF, (0-088 g, 0.42 mmol) and tram- 
[PtHCl(PPh,),],CH,OH (0.33 g, 0.42 mmol) gave AgCl and 
a yellowish filtrate. Evaporation to 10 ml under reduced 
pressure followed by dropwise addition of methanol gave the 
conzplex (0.14 g, 0.17 mmol) as colourless crystals. The 
product was recrystallised from acetone by addition of di- 
ethyl ether until a precipitate just began to form, followed 
by standing at 25'. 

A procedure similar to (a) 
above but using AgSCF, (0.18 g, 0.88 mmol) and trans- 
[PtHCl(PEt,),] (0.41 g, 0.88 mmol) gave AgCl and a yellow 
filtrate. Evaporation of the filtrate under reduced pressure 
gave the covzplex as a yellow oil. Attempts to crystallise 
this product resulted in some decomposition to metallic 
platinum but its lH and lSF n.m.r. spectra clearly established 
the above formulation. 

A procedure similar to (a) 
above but using AgSCF, (0.19 g, 0.90 mmol) and cis- 
[PtCl,(PEt,),] (0.45 g ,  0.89 mmol) gave AgCl and a pale 
yellow filtrate. Addition of diethyl ether gave first cis- 
[PtCl,(PEt,),] (0.12 g, 0.24 nimol) followed by the com$Zex 
(0.22 g, 0.38 mmol). The product was purified by solution 
in acetone followed by addition of diethyl ether until pre- 

[ P tC1, ( PPh,) ,]. 
(b) cis-[Pt (SCF,) ,( PPh,) 2]. 

(d) trans-[PtH(SCF,) (PEt,),]. 

(e) cis-[PtCl(SCF,) (PEt,),]. 

39 J. A. McGinnety, R. J. Doedens, and J. A. Ibers, Inorg. 
Chem., 1967, 6, 2243. 

cipitation just began. The small precipitate of cis- 
[PtCl,(PEt,),] was removed and the filtrate left for 1 week 
in light to decompose silver salts. Silver metal was filtered 
off and the solution left to evaporate and crystallise. 

(f) trans-[PdCl(SCF,) (PPh,),]. A procedure similar to 
(a) above but using AgSCF, (0.14 g, 0.66 mmol) and trans- 
[PdCl,(PPh,)J (0.35 g, 0-49 mmol) in acetone suspension 
gave AgCl and an orange-yellow filtrate. Evaporation to 
5 ml under reduced pressure followed by addition of diethyl 
ether (5  ml) and cooling to 0" gave the cowplex (0-22 g, 0.29 
mmol). This product was not recrystallised because of a 
tendency to decompose in solution to give a red complex 
(probably [Pd,Cl,(SCF,) 2(PPh,) ,I). This reaction also pre- 
vented us from obtaining a molecular weight measurement. 

(g) tmns-[PdCl(SCF,) (PEt,),]. A procedure similar to, 
(a) above but using AgSCF, (0.19 g, 0.89 mmol) and tram- 
[PdCl,(PEt,),] (0.37 g, 0.89 mmol) gave AgCl and a yellow 
filtrate. Evaporation to 3 ml under reduced pressure 
followed by addition of diethyl ether until a precipitate just 
began to form gave a small quantity of unidentified precipi- 
tate. The filtrate was left to evaporate and crystallise to 
give the complex (0.32 g, 0-67 mmol) which was recrystallised 
from pentane. 

A procedure similar to3 
(a) above but using AgSCF, (0.16 g, 0.77 minol) and trans- 
[IrCl(CO) (PPh,),] (0.60 g, 0.77 mmol) in degassed acetone a t  
40' for 15 h gave AgCl and a yellow-brown filtrate. Evapor- 
ation to small volume under reduced pressure followed by 
addition of ethanol gave the complex (0.30 g, 0.35 mmol) 
which was reprecipitated from chloroform by addition of 
ethanol. The solid product absorbs oxygen on exposure to4 
air and a new band appears in the i.r. spectrum a t  860 cm-l 
as expected for an oxygen complex.39 This probably 
accounts for the low analytical figures obtained for carbon 
and sulphur but 1°F n.m.r. and molecular w-eight data on the  
fresh product leave no doubt as to the structure. 1.r. 
spectra also show the presence of traces of tva+zs-[IrCl(CO) - 
(PPh3) 21 - 

(h) trans-[Ir(SCF,)(CO) (PPh,),]. 
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