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In the course of studies on the hydrogenation of soy bean oil methyl ester in the presence of soluble catalysts, we have in- 
vestigated the properties of hpdridochlorobis( triphenylphosphine)platinum( 11) and some related compounds. The hydrido- 
chloro complex was obtained in both czs and trans forms, and methods of interconverting these have been developed. A by- 
product of the formation of the hydridochloro complex is the hydroxochloro complex. The cis and trans forms of the hydrido- 
chloro complex, as well as the hydroxochloro complex, form 1 : 1 adducts with tin( 11) chloride. These substances, which 
probably contain tin-platinum bonds, have remarkable catalytic properties. 

Introduction 
In recent years there has been considerable interest in 

soluble hydrogenation catalysts, and several metal ions 
and complexes have been found to be effective in the 
hydrogenation of unsaturated compounds. For ex- 
ample, hydrogenations catalyzed by pentacyanocobal- 
tate ion,2 ruthenium(I1) ion,3 metal  carbonyl^,^ Ziegler- 
type  catalyst^,^ and mixtures of platinum(I1) com- 
pounds with tin(I1) chloridee have been reported. 
Moreover, i t  has been observed that hydrido-transition 
metal complexes activate molecular hydrogen, sup- 
posedly through electron occupation of the vacant d 
orbitals of the metal The reduced pentacyano- 
cobalt complex has been formulated as a hydrido ion,* 
and the isolation of hydrido complexes of platinumg 
and osmium10 has been reported also. 

In  the course of studies on the hydrogenation of 
soy bean oil methyl ester in the presence of soluble 
catalysts, we have investigated the properties of hy- 
dridochlorobis (triphenylphosphine) platinum (11) and 
some related compounds. Since these complexes pre- 
sent some unusual features, a brief report on them is 
appropriate. 

All of these substances have the remarkable property 
of catalyzing the hydrogenation of some, but not all, of 
the double bonds in long-chain unsaturated esters. In  
each case, one double bond remains largely unattacked. 
That the ability to catalyze hydrogenation is effected 
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through transfer of the hydrogen of the hydride com- 
plex to the hydrocarbon chain is suggested by the isola- 
tion of an isoprene-platinum complex. The catalytic 
action of these complexes will be described in detail 
elsewhere. 

Experimental 
( 1) cis-Dichlorobis(triphenylphosphine)platinum(II), [PtC12- 

(P( C6Hs)3)2], was prepared by the method described in the litera- 
ture." A solution of 4 g. of potassium tetrachloroplatinate(I1) 
in 50 ml. of water was added dropwise, with stirring, to a boiling 
solution of 5 g. of triphenylphosphine in 60 ml. of ethanol. White 
crystals separated immediately. The mixture was stirred a t  60" 
for 2 hr., after which the crystals 1%-ere filtered off and washed 
successively with hot water, hot ethanol, and ether; yield 6.26 g. 
(80Yc). The crystals were purified by dissolving them in chloro- 
form and reprecipitating with n-heptane; m.p. 310-312' dec. 
Grinberg and Razumova report 308" dec. 

trans-Hydridochlorobis( triphenylphosphine )platinum( 11) , 
frans-[PtHCl(P(C~H~)3),1, has been prepared by Chatt and Shaw.12 
Their method has been improved as follows: 2 g. of dichlorobis- 
(triphenylphosphine)platinum( 11) was dissolved, a t  room tem- 
perature, in 50 ml. of ethanol containing 1.26 g. of hydrazine 
hydrate. After the solution was refluxed on a steam bath for 5 
min., 1.20 g .  of acetic acid, 20 ml. of water, and 10 ml. of ethanol 
were added. Upon cooling, colorless crystals separated. These 
were filtered and washed with methanol; yield 1.32 g. of color- 
less prisms; m.p. 210-215' dec., as Chatt and Shaw reported. 
After recrystallization from a 1 : 2 mixture of benzene and metha- 
nol, the melting point was 213-215' dcc. 

Anal. Calcd. for C36H,,CIP2Pt.CH,OH: C, 56.37; H ,  4.47. 
Found: C, 56.79; H, 4.48. 

The material was dried over phosphorus(V) oxide a t  100' under 
diminished pressure (4 mm.) for 6 hr. to remove the methanol. 
The compound then showed m.p. 210-214" dec. The strong 
band a t  2220 cm.-' in the infrared spectrum in HCBD mull is 
shown in curve 1, Figure 1. 

Anal. Calcd. for C36H31C1P2Pt: c, 57.17; H ,  4.13; C1, 4.68. 
Found: C, 57.12; H ,  4.29; CI, 4.77. 

The filtrate from the original preparation was concentrated to 
one-third of its volume, 10 ml. of Rater was added, and the 
mixture was cooled; 0.5 g. of yellow powder separated and was 
filtered and mashed with water. This compound melted a t  
118-124' and was shown by analysis and from the infrared spec- 
trum to  be hydroxochlorobis(triphenylphosphine)platiiluln(II), 
[PtOHC1(P(CsH,),)~] (expt. 8). 

Effect of Varying the Temperature in the Formation of 
trans-[PtHCl(P( C6H&)2] . The cis Isomer.-It was observed 
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Figure 1.-Infrared spectra: 1, trans-[Pt(P(CsH5)3)2HCl] : 2, 
mixture of cis- and trans-[Pt(P(C6H5)3)2HCl] ; 3. cis- 
[ P ~ ( P ( C G H ~ ) ~ ) ~ H C ~ ] .  

that, when expt. 2 was repeated, but with heating of the solution 
to 60" for 5 min. instead of boiling it,  a mixture of the cis and 
trans isomers of [PtHcl(P(C&)3)2] was obtained (curve 2, Figure 
1). The mixture of cis- and trans-hydrido complexes was re- 
crystallized from benzene and ethyl ether a t  room temperature. 
The first fraction was the czs hydride, which separated as scaly 
crystals. 

(4 )  cis-Hydridochlorobis( triphenylphosphme)platinum( 11) , 
[PtHC1(P(C6HS)3)2] .-One gram of Cis-[PtClz(P(CeH~)a)*] was 
dissolved in a mixture of 40 ml. of methanol and 40 ml. of ethyl 
ether containing 0.63 g. of hydrazine hydrate. The mixture 
was refluxed on a steam bath for 15 min., and then 0.45 g. of 
acetic acid and 30 ml. of water were added to it. On cooling, 
crystals separated; these were washed with methanol, giving 0.45 
g. of colorless, scaly crystals, which were recrystallized from 
benzene and ethyl ether a t  room temperature; m.p. 215-220 
dec.; Y (HCBD mull), 2260 and 2225 cm? (curve 3, Figure 1). 

Anal. Calcd. for C3&hC1P&'t.C6H5: C, 60.46; H,  4.46. 
Found: C, 59.87; H ,  4.70. 

The cis-hydrido complex benzene adduct was dried a t  100" 
under a pressure of 4 mm. for 6 hr.; m.p. 215-218" dec. 

And .  Calcd. for Ca6H3lClP&'t: C, 57.17; H,  4.13. Found: 
C, 57.06; H ,  4.35. 

To the original filtrate was added 40 ml. of water. When the 
mixture was cooled in an ice bath, an  additional 0.11 g. of cis- 
hydrido complex separated. When the filtrate was concentrated 
on a steam bath under diminished pressure, 0.35 g. of yellow 
powder separated. This was filtered and washed with water and 
proved to be hydroxochlorobis( triphenylphosphine)platinum( 11), 
which melted a t  118-122'. 

(5)  cis-trans Isomerization of the Hydrido Complex.-cis- 

The second fraction was the trans hydride. 

1 x) 

Figure 2.-Infrared spectrum of the tin adduct of [Pt(P(C&)3)2- 
HCl]. 

[PtHCI(P( C6H5)3)2] ' C ~ H O  was recrystallized after refluxing in ben- 
zene and ethyl ether to give trans-[PtHCl(P(C~H,)3)~].CoH6; 
m.p. 210-214" dec. 

Found: C, 60.69; H, 4.61. 
The benzene in these crystals was lost when the material was 

dried a t  100' a t  a pressure of 4 mm. 
Anal. Calcd. for C36H31C1P2Pt: C, 57.17; H, 4.13. Found: 

C, 57.36; H ,  4.03. 
Recrystallization of the czs-hydrido complex from benzene and 

methanol converted it to the trans complex, but recrystallization 
from ethanol did not; 0.25 g. of cis-hydrido complex was recrystal- 
lized from 50 ml. of absolute ethanol and washed with methanol. 
The 0.195 g.  of pure cis-hydrido complex obtained was dried 
over P4010 a t  100" under diminished pressure. This compound 
shows a spectrum identical with that of the starting material 
(curve 3, Figure 1 ) .  

Anal. Calcd. for c3&1ClP&'t: C, 57.17; H,  4.13. Found: 
C, 57.59; H,  4.42. 

(6) Preparation of the Tin(I1) Adduct of [PtHC1(P(C,&)&]. 
-A solution of 1 g. of trans-[PtHCI(P(C6H5)3)2] and 2 g. of 
SnCl2.2H20 in 120 ml. of ethanol was refluxed on a steam bath 
for 30 min. The solution was filtered and allowed to stand a t  
room temperature, whereupon 0.85 g. of a yellow-orange powder 
separated. This was washed with ether, dissolved in acetone, 
and precipitated by adding a mixture of equal amounts of ether 
and n-heptane. It was dried over P4010 a t  looo, under reduced 
pressure; m.p. 172-173"; Y (HCBD mull), 2100 cm.-l (Figure2). 

Anal. Calcd. for C36H31C13P2SnPt: C, 45.61; H ,  3.30; C1, 
11.24. Found: C,44.12; H,3.39; C1,11.40. 

What was apparently the same product was obtained when cis- 
[P~HC~(P(CP,H~)~)~]  was substituted for the trans isomer; m.p. 
165-170"; v (HCBD mull), 2100 ern.-'. 

Anal. Found: C, 44.34; H,  3.30; C1, 11.17. 
(7) 

Anal. Calcd. for C ~ G H ~ I C ~ P ~ P ~ . C G H B :  C, 60.46; H,  4.46. 

The isomerization of the hydridochloro complex from the 
trans form to the czs form was accomplished by refluxing a solu- 
tion of 0.11 g. of trans-[PtHCl(P(C6H6)3)2] and 0.033 g. of SnCb 
2H20 in 20 ml. of ethanol for 30 min. The white crystals which 
formed upon cooling were filtered and washed with ether; yield, 
0.065 g. of ~ i s - [ P t H C l ( P ( c ~ H ~ ) ~ ) 2 ] ;  m.p. 217-224', Y (HCBD 
mull), 2225 and 2260 ern.-'. From the filtrate, an additional 
0.04 g. of the cis-hydrido complex was recovered. The infrared 
spectrum of both fractions was virtually identical )y&b thgf Qbown 
in curve 3, Figure 1. 
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(8) When an excess of hydrazine is used in the preparation 
of the hydrido complex, its basic action brings about a partial 
hydrolysis of the dichloro complex, with the formation of a 
hydroxochloro complex. Hydroxochlorobis( triphenylphos- 
phine)platinum( 11), [PtOHCK P( C&)3)2] was prepared as 
follows: a solution of 1 g. of cis-dichlorobis( tripheny1phosphine)- 
platinum(I1) and 0.7 ml. of hydrazine hydrate in 20 ml. of etha- 
nol and 10 ml. of water was refluxed for 30 min. After neutraliza- 
tion with acetic acid and addition of 40 ml. of water, the yellow 
powder which separated upon cooling was washed with water 
and purified by dissolving in 20 ml. of benzene and reprecipitat- 
ing by the addition of 100 ml. of n-heptane, giving 0.6 g. of coni- 
plex; m.p. 118-121'. The infrared spectrum showed the char- 
acteristic OH absorption bands at 1660, 1360, 1120, and i20 
cm.-l in HCBD mull. The material nas  dried over Pl0,o a t  
100" under vacuum. 

AnaE. Calcd. for C36H310ClP2Pt: C, 55.99; H ,  4.04. Found: 
C, 55.74; H ,  3.96. 

(9) The tin( 11) chloride adduct of hydroxochlorobis(tri- 
phenylphosphine)platinum( 11) was obtained by refluxing a solu- 
tion of 0.4 g. of hydroxochlorobis(tripheny1phosphine)platinum- 
(11) and 0.4 g. of SnC12.2H20 in a mixture of 15 ml. of acetone 
and 30 ml. of ethanol for 30 min. and then concentrating the 
solution under diminished pressure. On cooling, a yellow 
powder formed. This was filtered and washed with ether; m.p. 

Anal. Calcd. for CasHs,OClsP~SnPt 3H20: C, 42.56; H, 
3.67; C1, 10.47. Found: C,41.93; H,3.38; C1, 10.11. 

( 10) Isopropenylchlorobis( triphenylphosphine)platinum( 11), 
[PtC6HsC1(P( C6&)3)2], wa5 prepared from the dichloro complex 
as follows: a solution of 0.5 g. of C Z C - [ P ~ C ~ ~ ( P ( C ~ H ~ ) ~ ) ~ ] ,  1.08 g. of 
SnClz.2H20, and 4 0 g. of isoprene in a mixture of 30 ml. of 
methanol and 30 ml. of benzene vas  vibrated in an autoclave 
under 560 p.s.i. of hydrogen a t  60" for 3 hr. The yellow solution 
was evaporated to drynrss on a steam bath under diminished 
pressure, and the solid residue was extracted with ethyl ether. 
The yellow powder which remained was dissolved in a little meth- 
anol and benzene. This solution was developed in a chromato- 
graphic column (diameter 2.5 cm.) containing 50 ml. of alumina 
and then eluted with benzene, with ether, and with methanol, 
in turn. The solution eluted with methanol was evaporated 
under diminished pressure and the residue was extracted with 
ether. This left a pale yellow powder. The infrared spectrum 
of this material showed bands at 2960, 2920, 2840, 1730, 1380, 
1120, and 725 cm.-' and is quite different from that of [PtC12- 
(P( CBH5)3)2]. Analysis showed this material to be quite im- 
pure, and all attempts to purify i t  were unsuccessful. 

Anal. Calcd. for C11H&1P2Pt: C, 58.78; H ,  5.06; C1,4.12. 
Found: C, 57.84; H ,  5.01; C1, 5.13. 

The low value for carbon and the high value for chlorine suggest 
that  some of the tin chloride adduct is still present. The calcu- 
lated values for a mixture containing 97y0 of the isoprenyl 
compound and 3y0 of the tin(I1) chloride dihydrate are C, 57.59; 
H ,  4.69; C1, 5.11, in good agreement with the values found. 

Results and Discussion 
The experimental results are summarized in Chart I. 

Chatt and S h a d 2  reported tha t  the hydrogen atom 

165-170". 

has a high trans effect in platinum complexes, and only 
the trans-hydridoplatinum(I1) complex mas isolated 
in their experiments. However, we have found that 
if the preparation is carried out a t  a low temperature, 
cis -hydridochlorobis (triphenylphosphine) platinum (11) 
can also be isolated. 

CHART I 
THE PREPARATION O F  SOME COMPLEXES RELATED 

TO [ P ~ ( ( C ~ H B ) ~ P ) ~ C ~ B ]  
in autoclave 

/ I  

CzHnOH 4- 
Hz0 

in CzHaOH / cis-? SnClz 

(heat) 

# \ / 
SnCIz 

in CzHsOH 

According to Chatt, the hydrogen atom exerts a 
very strong ligand field effect and is more hydridic 
than acidic in character. The halogen atom in the 
trans position to the hydrogen atom is, therefore, more 
anionic than is usual in platinum(I1) complexes. On 
this account, the cis-hydrido complex may accept elec- 
trons from benzene and thus change to the more stable 
trans-hydrido complex. 

\%'hen either the cis- or trans-hydridochloro complex 
was allowed to react with tin(I1) chloride in ethanol, a 
yellow-orange product was obtained. This contains 
tin and platinum in a 1 : 1 ratio. The infrared absorp- 
tion band assigned to the platinum-hydrogen stretch- 
ing in this compound is shifted to 2100 cm.-l (Figure 2). 
I t  is probable that this compound contains a tin- 
platinum bond, as been shown to be the case in analo- 
gous complexes,13 and that  the shift of electrons from 
the tin toward the platinum allows the hydrido group 
to become more ionic. This would explain its increased 
catalytic power in the hydrogenation of unsaturated 
compounds. 

(13) R. D. Cramer, R. V. Lindsey, J r  , C T Prewitt ,  and U.  G. Stolberg. 
J .  Am. Chem. Sol., 87, 688 (1965) .  


