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REACTIONS OF CARBONYLSULPHIDE WITH [Rh(PPh,),CI] 
AND [Pt(PPh,),] 

RAJ K.  PODOAR and l l M E S H  AGARWALA 

Department of Chemistry, Indian Institute of Trchnoiogv, Kanpur 20801 6, India 

(Recriwd J14lV I .  1976, irr frtial Jonii Sep t twher  1. 1976)  

INTRODUCTION 

Activation of sinall inorganic molecules (H2, Nz , 02, 
CO, NO, C 0 2 ,  SO2, CS2) by the complexes of ti-ansi- 
tion metal ions like Rh(l), Ir(I), Pt(0)  and Ru(I1) 
have gained considerable interest during the last 
decade.'-8 Because of the similarity of COz and 
CS2 molecules with COS, one would expect COS to 
form complexes with the transition metal ions 
analogous t o  those of COz and CS2.  1 1 1  addition, COS 
being susceptible to decomposition into CO and S, 
could also form carbonyl complexes. Until now, the 
only reaction of COS that has been successfully 
carried out  is with [Pt(PPh,),] which resulted in the 
formation o f  [Pt(COS)(PPh3)2 ] and [Pt, S(C0) 
(PPh3)3].8,9 It will, therefore, be interesting to 
study further the reactions of COS with the cvni- 
plexes of transition metal ions. The results o f  a 
preliminary study of such reactions with 
[Rh(PPh,),Cl] and [Pt(PPh,), I are reported in  this 
communication. 

EXPERIMENTAL 

Rh(PPh,3)3CI and Pt(PPh3)3 were prepared according 
to  the methods described in the literature.lO" ' 
Reactions of COS with Pt(PPh,), 

a)  To a yellow solution of Pt(PPh,), (0.2 g) in 
acetone (20 ml), satuiated solution o f  COS in 
acetone (20  nil) was added and the mixture stirred at 
room temperature for 20 tit-. The resulting solution 
was concentrated to about 5 ml, a t  reduced pressure, 
and methanol (15 ml) was added t o  it. I t  was then 
kept in a refrigerator whereupon light yellow crystals 
separated out which were filtered, washed with 
acetone and ether and di-ied under vacuum 

(mp 255"d). Anal. Calcd for (Pt(COS)2(PPh3)2] : 
C, 54.35: H, 3.57; S, 7.63; Pt, 23.24. Found: 
C, 54.42; H ,  3.78; S, 7 .2;  Pt, 23.7. 

was added to  Pt(PPh,), (0.2 g), and the mixture was 
tefluxed fo r  10 minutes or stirred for 1 hr a t  room 
temperature. A pink compound was obtained which 
was filtered, washed with acetone and ether, and 
dried under vacuum. Anal. Calcd for [Pt(COS) 
(PPh,), 1 : C, 57.0; t i ,  3.9; S, 4.1 ; Pt, 25.0. Found: 
C, 57.23; H, 4 .2 ;S ,4 .5 ;  Pt, 25.4. 

c) T o  a boiling solution of  Pt(PPh,), (0.2 g) in 
acetone (25 ml), COS saturated methanol (25 ml) 
was added, and the solution heated to  reflux for 2 hr, 
and the solution turned yellow. It was concentrated 
and cooled to give a yellow crystalline compound, 
which was finally obtained as described above 
(recrystallized from benzene-methanol mixture, 
mp 210- 12"d). Anal. Calcd for [Pt,S(CO)(PPh,),J: 
C, 53.4; H ,  3.64; S, 2.6; Pt, 31.55. Found: C, 53.6; 
H, 3.5; S, 2.9; Pt, 30.85. 

d) To a solution of Pt(PPh,), (0.3 g) in acetone 
(50 ml), COS was bubbled for 2 hr, while the solution 
was refluxed. It was kept overnight a t  room tempera- 
ture. The solution was concentrated to about 5 ml 
under COS atmosphere when a red solution was 
obtained. It was cooled in a refrigerator to give a 
greenish-yellow compound, (mp 250"d). Anal. 
Calcd for [Pt(COS),(PPh,),] : C, 54.35; H, 3.57; 
S, 7.63; Pt, 23.24; Found: C, 53.9; H, 3.75; S, 8.1 ; 
Pt, 23.0. 

b) A saturated solution of COS in acetone (20 nil), 

Reactions with Rh(PPh3)3 C1 

a )  T o  a suspension of Rh(PPh3),CI (0.2 g) in a 
mixture of pettoleum ether (bp 40-60°C) (30 mi) 
and benzene (5  ml), COS was bubbled for 2 hr, and 
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yellow solution was obtained. I t  was filtered and con- 
centrated to give a yellow compound, which was 
washed with petroleum ether and dried under 
vacuum. Anal. Calcd for [Rh2CI2S(CO)(PPh3 j 3 ]  : 
C, 58.77; H, 4.01 : CI, 6.32; S, 2.85. Found: C ,  58.7; 
H,4.15;Cl ,5 .81:SS,3 .2 .  

b)  RIi(PPh3 )3CI (0.2 g) was dissolved i n  benrenc 
(25 ml), and COS was bubbled t o r  3 hi- a t  room 
temperature. The solution was concentrated to about 
5 ml at reduced pressure, when a brown compound 
separated out .  I t  was filtered off, and from tlie 
filtrate, upon cooling in a refrigerator, yellow crystal- 
line compound separated, which was washed with 
b e n x n e  and dried under vacuum (rnp 202-5°C). 

H, 4.34: CI. 5.14. Found: C ,  63.5; H, 4.1 2 ;  CI, 4.8. 
The carbon and hydrogen analyses in the com- 

plexes wet-e carried out by the micro-analytical 
scction of the Indian Institute of Technology, 
Kanpur. Chloride, sulphur and the metal were estinia- 
ted using the standard methods.' after decomposing 
the complexes with aqua regia or KOH and K N 0 3  
mixture. Infrared spectra were recorded with a Pcrkin 
Elmei- 5 1 1 .  infrared spectrc,photoineter. NMR 
spectrum w a s  recurded with a Varian A-60 spectro- 
me te r. 

Anal. Calcd 1 0 1  [RhCI(CO)(PPh3)2] :, C, 63.34; 

RESULTS AND DISCUSSION 

A) Rciac.fiotrs(~/'lPr(PPir3),,/ iiitlr COS: Baird and 
WiIkinson' have reported the reaction of  COS with 
[Pt(PPIi, ) 3  I with the formation of [ P I ( C O S ) ( P P I ~ ~ ) ~ ]  
which fuitlier rearranges to give [PtzS(CO)(PPh3)3 I .  
IJndei- dil'fcrcnt set of conditions. a number of 
diffet-cnt compounds could be formed. Thus. under 
(he conditions described in  this conimiiiiication. a set 
01' I'our compounds could be isolated. The analytical 
d a t a  01' two ot' the compounds (light-yellow and 
pieeii isl i-yellow i n  colour) which a1.c not reported i n  
the litcratiiic. cot-1-espond to tlie I'orniula [Pt(COS), 
(PP1i1), 1 while those o l  otlicr two compounds to 
IPt(COS)(PP1i.1)2 1 and IPi,S(CO)(PPIi,), I repoi-led 
hy Baird a n d  Wilkinson.' This has also been 
cotil'ii riied by t l i c  m i x e d  mcltinp points and  the intra- 
led spc'ctr;~I data 01. tliesc conipounds. 

[ f't(COS)z( I'Ph )z I I s l i o w c . ~ l  two iiiteiiw and sli:ri.p 
llalllls a t  1700 and 1620 C l l l  -I besicles the cllaractc1~- 
istic b:i i ids due to I t-ipliciiyIpli~)spliirie. Tlicsc h: i i ids 

The itill-ared specrt uiii 01' the light yellow 

could be due to va,,(CO) and vsym(CO) respectively 
of the two COS molecules, linked to platinum in the 
cis-position. Two more bands a t  840 and 860 cm-' 
of medium to weak intensities wet-e present. These 
bands have been assigned to  v,,,(CS) and v,,,(CS) 
of the coordinated COS moleculcs in the cis-position. 
These assignments have been made on the basis of tlie 
assignments made by Baird and Wilkinson* tor t h e  
band a t  1727 cm- '  in thc spectrum of their 
compound [ Pt(COS)(PPh3)2 1 and the assignments 
made for the free COS niolecule.' 3 , ' 4  I f  one 
assumes the linkage of the COS molecules in 
[Pt(COS),(PPh,), 1 to be in the cis-position, the 
splitting of the bands due to vco and vcs is expected 
because of the interaction of two CO o r  CS groups 
present in the cis-position. The bands at I 7 0 0  cm- '  
and 1620 cm-' arc not due to the coordinated or 
free solvent (acetone) molecules, which was verified 
by the nmr spectrum of  the compound. where no 
n m r  signal was obseryed in 7 t o  97 range. The 
gl-eenish-yellow compound having identical analytical 
data, may be a different isomer of the light yellow 
compound. Its infrared spectrum h a s  two intense to 
medium and sharp bands at 1060 and 975 cm- '  
bcsides the bands present i n  the spectrum of the 
light-yellow compound. The presence of these bands 
suggests that possibly one 01 '  the two COS molecules 
in the complex is n-bonded.' I t  is therefore thought 
that the I'orniula o f t h e  complex may be (Pt(n-COS) 
(COS)(PPh, ), I . However. this explanation is only 
to n (a t ive . 

0) Reactiom ~flRh[PP!i. ,)~ CI ~ V r h  COS: The 
reaction o f  COS with Rh(PPh3)3CI has been carried 
o u t  under various experimental conditions, but i n  n o  
casc a complex i n  which COS molecule is bonded to 
Rh( I )  could be obtained. The only compounds which 
have been isolated were tlie carbonyl complexes, 

The forinel- compound is identical to the trans- 
[RIiCI(CO)( Pl'li3)z I alt-e;idy reported iii the l i t e ra t i~re . '~  

The ii)l'rai-cd spectrum of [ Rli, Cl2(C0)S(PPh3),]  
showed all ttir bands due t o  triplienylpliospliinc. 
Besides, ;I strong and sli;irp band appeared a t  1980 
cti1-l assigned to vco (rcmiitiaI) and anoilier sharp 
band ol'medium intcnsity at  580 cii1-I assigned to 

~KIiCI(CO)(PPIi,~), 1 and [Rh2C12(CO)S(PPh3 131. 

1 6  r, K I i t . 0 .  

I t  is quite possihlc thal i n  the rext ioi i ,  :in u i i s t a h l e  
niolecd;tl. COS coiiiplcx w a s  first t'ormed which. 
undci. tlic reaction concli~ions, deconiposc'd to give 
citlici I RhCl(CO)(I'PIi,, l 2  1 with the precipitation 01' 

~ u l p l i i i ~  01 w:ii.r;itigciI to givc I H t i z C l z ( C O ) S ( P ~ I ~ , l  
Tlie \\oiF, i s  i t i  picigrc~ss i o  ~ i i i d~ t j t ; t nd  t l i c  i t > ; i c t i o in  
0 1 .  ( '0s IllOI'c ck; I l  I y .  
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