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Platinum hydride complexes are recognized to be 
important intermediates in the homogeneously cata- 
lysed hydrogenation of unsaturated organic com- 
pounds by platinum salts [l]. Indeed, there is a 
substantial literature concerned with the mechanism 
of the insertion of olefins and acetylenes into the 
platinum-hydrogen bond [2] . For phosphine com- 
plexes the synthesis of complexes of the type trans- 
[PtHCl(PR&] can be accomplished in several ways: 
a) reaction of cis-[PtClz(PRa)z] with hydrazine 
hydrate or hydroxide in a refluxing alcohol [3] ; b) 
addition of either strong [4] or weak [5] acids to 
an appropriate platinum(O) starting material [4, 51 
or c) by reaction of a suitable substrate with the 
Bc anion [6]. The first two methods require either 
relatively high temperatures or costly intermediates 
which must first be prepared. 

It has been known for some time that tin(I1) 
chloride combines with the complexes cis-[PtClz- 
@‘R&l to form an active hydrogenation catalyst 
[7, 8, 91. Our own research concerned with the 
complexes [PtCl(SnCl&PR&] [ 10, 11, 121 led us 
to consider the possibility that this tin-platinum 
catalyst might provide a convenient preparative route 
to these hydride complexes using only molecular 
hydrogen as reagent while working at room tempera- 
ture. This hypothesis was bolstered by existing litera- 
ture reporting the stability of hydridotrichloro- 
stannate complexes of platinum(H) [13-151. We 
report here a simple preparation of the complexes 
trans-[PtHCl(P(p-XCbH,)a),] (X = OCHa, CHa, 
H, F, Cl, under very mild conditions, based on the 
in situ synthesis of active trichlorostannate com- 
plexes of platinum. 

Results and Discussion 

Synthesis 
We rind that good yields (70-95%) of the hydride 

complexes can be obtained when cis-[PtCl@(p- 
XC6H4)3)Z] complexes react with two equivalents 
of tin(H) chloride and hydrogen (see eqn. 1): 

cis-[PtClzPz] t 2SnC12 + CHCl trans-[PtHClP,] 
3 

1) H2 
RT 

(1) 
P = P(p-XC,H,)s 

2) Me4NCl 

The yields were lower with tin/platinum ratios of one 
and three. The tetramethyl ammonium chloride 
serves to precipitate the sparingly soluble (MeaN)- 
SnCl,, thus freeing the platinum from coordination 
to tin. We have investigated the products of the reac- 
tion before addition of the ammonium salt, using 
31P NMR, and find a complicated mixture, some 
components of which are dynamic on the NMR time 
scale. After the precipitation, the reaction mixture 
contains only product hydride and starting 
material*, suggesting that there are the equilibria 
shifted in favor of the trans-[PtHClP,] complexes. 
The absence of by-products is especially advantageous 
since, after recrystallization, the contents of the 
filtrate can be recycled in another run, thus increasing 
the effective yield. Further, we find that starting 
from trans-[PtC12(P(p-CHsCh&)3)2] does not 
change yield. This is in contrast to the hydrazine 
hydrate method where only cis-starting materials can 
be used. The formation of a hydride ligand suggests 
that H’ is set free and we confirm this in that a 
methoxide solution containing neutral red becomes 
acidic after contact with the exit gas. 

We have successfully carried out the reaction 
beginning from cis-[PtC12(As(p-XCsHq)s)2], X = 
H, CHs and find ‘H NMR signals at -19.0 and -19.1 
ppm respectively, which we assign to the hydride 
protons. Given the mild reaction conditions, this 
method offers an attractive alternative to classical 
platinum hydride syntheses for tertiary aryl 
phosphine and arsine complexes. We find that the 
yields are not as good for alkyl phosphine complexes 
and will combine these results together with the 
solvent dependence of the reaction in a more exten- 
sive report. 

Experimental 

All of the reactions were carried out in a Schlenk 
tube equipped with a gas-inlet adapter. A mixture of 
cis-[PtC12(P(p-CHaC,I&)a),] (880 mg, 1.0 mmol) 
and tin(I1) chloride (380 mg, 2.0 mmol) was dis- 
solved in 120 ml CHCla and stirred, under nitrogen, 
for 0.5 h. During this period the solution became 
yellow in color. Hydrogen was then passed through 

*The starting material can appear as a mixture of cis 
and trans isomers. 
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TABLE I. Yield? and NMR Data for Hydride Complexes trans-[PtHCl(E@-XCeH4)3)2 1. 
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E X Yields (%) 6 31Pb 1J(‘95Pt, 31P), Hz 6HC ’ J(19’Pt, H), Hz 

P Cl >95% 26.9 3037 -16.2 1192 

F 80 26.0 3025 -16.2 1201 

H 70 28.4 3019 -16.2 1196 

CH3 70 26.4 2996 -16.4 1212 

OCH3 80 24.2 2965 -16.5 1230 

AS H 50 -19.0 1044 

CH3 60 -19.1 1057 

‘Based on the 31P NMR spectra for phosphine complexes, or on the ‘H NMR Spectra with PtHCl(PPh3)z as internal standard for 
arsine complexes. bRelative to external H3P04. A positive value is to low field of the reference. ‘Relative to internal TMS. 

the solution for 3 h with the exiting gas lead into a 
methanol solution of neutral red made basic with 
sodium methoxide. During this period the indicator 
solution turns from yellow to red due to the evolu- 
tion of acid. The resulting yellow-orange reaction 
solution was then treated with an excess of tetra- 
methylammonium chloride and stirred until the 
color disappeared. Filtration through celite was 
followed by destillation of the solvent to give 
product. The extent of the reaction was determined 
using 31P {‘H} spectroscopy (CH2C12/CDC13). The 
NMR clearly shows that the product consists of some 
starting material and the desired hydride complex. 
The yields as determined by 31P NMR are given in 
Table I. The pure hydride complex may be obtained 
after recrystallization from benzene/methanol (530 
mg, 63% yield). 

31P{1H} spectra were measured as CH2C12/CDC13 
solutions in 10 mm tubes using a Bruker HX-90 
spectrometer operating in Fourier transform mode. 
Chemical shifts are relative to external H3P04 and 
are accurate to +O.l ppm. Coupling constants are *2 
Hz. Typically 50’ pulse angles and 0.7 set acquisi- 
tion times were employed. 

References 

1 C. Y. Hsu and M. Orchin, J. Am. Chem. Sot., 97, 3553 
(1975); 

3 

C. H. Cheng, L. Kuritzkes and R. Eisenberg, J. Organo- 
met. Chem., 190, C21(1980). 

2 H. C. Clark, C. R. Jablonski and C. S. Wong, Inorg. 
Chem., 14, 1332 (1975); 
T. G. Attig, H. C. Clark and C. S. Wong, Canad. J. Chem., 
55, 189 (1977); 
D. L. Thorn and R. Hoffmann, J. Am. Chem. Sot., 100, 
2079 (1978); 
L. M. Venanzi, Coordination Chemistry, 20, p. 99 
(1980). 
jI C. ‘Bailar, Jr. and I. Itatani, Inorg. Chem., 4, 1618 
(1965); J. Chatt and B. L. Shaw, J. Chem. Sot., 5082 
(1962). 
B. E. Mann, B. L. Shaw and N. I. Tucter, J. Chem. Sot. 
A, 2667 (1971). 
T. Yoshida, T. Matsuda, T. Okano, T. Kitani and S. 
Otsuka, J. Am. Chem. Sot., 101, 2027 (1979). 
P. G. Leviston and M. G. H. Wallbridge, J. Organomet. 
Chem., 110, 271(1976); 
G. Carturan, A. Scrivanti and F. Morandini, Angew. 
Chem., 93, 103 (1981). 
H. Itatani and J. C. Bailar, Jr., Znd. Eng. Chem. Prod. 
Res. Develop., II, 146 (1972). 
I. Schwager and J. F. K&ton, Journal of Catalysis, 45, 
256 (1976). 
J. F. Knifton, J. Org. Chem., 41, 793 (1976). 
P. S. Pregosin and S. N. Sze, Helv. Chim. Acta, 61, 1848 
(1978). 
K. H. A. Ostoja Starzewski, H. Riiegger and P. S. 
Pregosin, Inorg. Chim. Acta, 36, L445 (1979). 
K. H. A. Ostoja Starzewski and P. S. Pregosin, Angew. 
Chem., 92, 323 (1980). 
R. V. Lindsay, G. W. Parshall and U. G. Stoberg, J. Am. 
Chem. Sot., 87, 658 (1965). 
J. F. Young, R. D. Gillard and G. J. Wilkinson, J. Chem. 
Sot., 5176 (1964). 
M. C. Baird, J. Inorg. Nucl. Chem., 29, 367 (1967). 

7 

8 

9 
10 

11 

12 

13 

14 

15 


