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(Received November 20th, 1975) 

A series of dichloro-, hydridochloro- and dihydro-platinum(H) complexes 
have been prepared using bulky phosphine ligands, as PtX2(PRS)+, PtH(X)(PR,), 
and PtH,(PR& (X = Cl, Br, I; Rs = i-PrJ, (cycle-C,H,&, (cycle-(C,H,&Ph). The 
dichloro compounds have been converted into the corresponding hydrido com- 
plexes with either hydrazine hydrate or sodium tetrahydroborate. In some cases, 
e.g. PtHJP(cyclo-C,H,,)&, variation had to be introduced owing to the limited 
reactivity of the dichloro-compounds. The spectral properties (IR, NMR and 
mass spectra) of the various complexes are reported. 

Introduction 

While several monohydride derivatives of platinum(I1) are known, e.g. PtCl- 
(H)L, (where L = trialkylphosphine), the reported dihydride derivatives are rela- 
tively few in number, and generally less stable. The addition of hydrogen to Pt- 
(PEt& yields an unstable five coordinate species, PtHJPEt&, which dissociates 
to PtH2(PEt& above -30°C [l]. The reported preparation of several trans- 
PtH2L2 complexes by the addition of bulky phosphine ligands (L = Pcy,, Pcy,-i-E?, 
Pcy,Et, where cy = cyclohexyl) to an Pt(acac)l/AIRJ reaction mixture 123 has re- 
cently been disputed in a preliminary report of other.such trans-PtHz(PR& corn- 
piexes (R3 = t-BuMe*, t-BuEt,, n-Bu,-t-Bu, t-Bu(CHtPh)l, t-Bu-n-Pr,, t-Bu,CHsPh, 
cy, ) prepared from either the corresponding chloro, PtC12(PRP)2 or hydridqchlo- -. 
ro, PtCl(H)(PR&, by treatment with NaBH4 in ethanol [3]. Other reportshave 
shown that bulky phosphhes stab&e Pt-H bonds in PtH(X)(P-t-BuPh,), -(X = 
Cl, Br, I) [4] and l?tCl(H)(P~y&, and that with other members of the Ni-Pd-Pt 
triad both hydride and tetrahydroborate groups. may be stab&sad as in MH(X)- 
(PR& (M = Ni, Pd; X = BH& Cl; R = cy, i-Pr) [5,6,7]. We have been studying 
bulky phosphineplatinum(I1) compounds to.determine whether the hydroborate 
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Sderivatives may be similarly stabilised in this case; and to study further hydride-. 
“~-platinum- izomplexes. .. 

Fbdts and discussion 

-‘. we have prepared a series of bulky phosphineplatinum (II) compounds, PtXz- 
-(PRR;),; (where X = Cl, Br, I; R = R’ = i-Pr, &Bu, cy; R = Ph; R’ = CY) as shown 
in Table 1. As expected, these all adopt a tram geometry in both the solid and 
solution states as sho&i by IR and NMR spectroscopy, and in one case by an X- 
my analysis on PtI,[P(cy)& [S]. The compounds have also been identified by 
mass spectrometry. The preparative method consisted of adding the phosphine 
to an aqueous solution of potassium tetrachloroplatinate when the phosphine 
complex precipitated. The corresponding bromo and iodo compounds were ob- 
tained by adding the required alkali halide to the original reaction mixture. The 
chloro and bromo derivatives are very pale yellow crystalline solids, while the 
iodo analogues are y&low-orange_ The melting points and analytical data ar& 
given in Table 1. The IR spectra of the compounds show the expected single Pt- 
halogen stretching mode near 340 cm-’ (chloro) and 250 cm-’ (bromo), but the 
absorption for the iodo compound was.not detected since it occurred below 200 
cm-’ (Table 1). The ‘H NMR spectra of the dicyclohexylphenyl- and tricyclohex- 
yl-phosphine complexes showed broad complicated absorptions from the ligand 
protons. The compounds PtX2(P-i-Pr& and PtC&(P-s-Bu& show simpler pat- 
terns; thus the former shows an approximately 1 : 3 : 3 : 1 quartet arising from 
the phenomenon of virtual coupling [9] with the latter show’ing broad singlets 
(three inequivalent hydrogen atoms) together with a triplet and a quartet respec- 
tively (Table 1, Fig. 1). In the mass spectra the molecillar ions were observed for 
all the dichloro compounds, while for the compounds~containing cyclohexyl and 

iii!. 1. Thti XII NMR spectnun of ham-PtC12<P-s-Buj)2: 



,,.
 I,.

 
.‘a

. 

‘::
 

,T
A

B
L

E
i 

.’ 
.‘.

’ 
., 

., 
A

N
A

L
Y

T
IC

A
L

, 
IR

 A
N

D
 

tH
 N

M
R

 D
A

T
A

 
O

F
 I

ro
n

s-
P

tX
2L

2 
C

O
M

P
O

U
N

D
S

 
., 

L
 

M
,P

. 
(“

C
) 

A
n

al
ys

is
 

fo
u

n
d 

(c
al

cd
.)

(%
) 

Ir
(c

m
-I

) 
1 H

 N
M

R
a 

,”
 

- 
c 

H
. 

H
al

og
en

 
v(

P
t-

X
) 

u
(P

t-
P

) 
7(

C
H

J)
6 

7&
H

) 
)J

(C
H

J-
H

) 

‘. 
,C

l 
,I

+
P

r3
 

‘, 
26

6 
I 

37
.1

6 
7.

36
 

12
.1

4 
xi

5 
41

4 
8.

6G
 

7.
1 

.’ 
.’ 

P
-I

-P
r3

’ 
(3

6.
86

) 
(7

.1
7)

 
(1

2.
12

) 

‘, 
B

r 
26

3-
26

6 
31

.7
3 

6.
08

 
23

.9
9 

* 
(2

3.
70

) 
24

9 
41

8 
8.

63
 

7.
1 

(3
2.

00
) 

(6
,2

2)
 

~
. 

1,
’ 

I 
F

W
r3

 
20

2-
20

6 
28

.3
6 

5,
33

 
33

.0
2 

- 
8.

62
 

6.
6 

(2
8.

09
) 

(6
.4

6)
 

(3
3.

03
) 

C
l 

P
-l

rB
u

 3
 

16
2 

42
.8

6 
8.

13
 

10
.4

0 
8.

71
 (

H
(2

))
 

7.
36

 
(H

(1
))

 
. 

(4
2.

99
) 

(8
.0

6)
 

(1
0.

60
) 

33
3 

8.
99

 
(H

(6
))

 
8.

02
 

(H
(3

))
 

/ 
8.

60
 

(H
(4

))
 

6.
9 

6.
6 

P
 

C
l 

‘, 
..’

 
Pc

y$
-‘h

 
30

4-
30

6 
62

.6
8 

6*
60

 
9.

06
 

33
8 

41
6 

‘. 
(6

3.
07

) 
(6

.3
4)

 
(8

.7
2)

 
,B

r 
,’ 

P
cy

zP
h

‘ 
* 

30
9”

 
47

.7
1.

 
6.

83
 

17
.9

6 
41

9 
.;’

 
.,‘

I 
(4

7.
84

) 
(6

.9
8)

 
(1

7.
72

) 
24

4 

:, 
‘I 

P
ci

Z
P

h
 

30
2 

43
.2

3 
6.

99
 

24
.6

5 
j.’

 
,,.

, 
I, 

,,,
’ 

(4
3,

33
) 

(6
.4

2)
 

(2
6.

47
) 

- 

;. 
IT

C
I 

P
iY

3 
32

2-
32

6 
61

.8
3 

7.
80

 
8;

84
 

:. 
(6

2.
29

) 
(7

.9
9)

 
(8

.5
9)

 
33

8 
40

9 
:, 

,, ,.‘
, 

B
r 

P
C

Y
3 

‘. 
-3

lO
(d

ci
.)

 
6.

83
 

17
.7

2 
46

.8
6,

 
42

7 
,: ,. 

‘, 
(4

7,
21

) 
(7

.2
1)

 
(1

7.
49

) 
24

8 

; 
,,,

’ 
I 

P
C

Y
3 

28
9-

29
1 

43
.1

2 
p.

92
 

25
.6

8 
- 

- 
l’,

 ‘,
 ‘,

 
!4

2.
81

) 
(6

.6
4)

 
(2

6.
17

) 
f’,

,, 
” 

I/ 
‘.,

 

.’ 
‘J

 
In

 H
i 

sp
ec

tr
a 

of
 l

ig
an

ds
 c

on
ta

in
in

g 
cy

 g
ro

u
p 

w
er

e 
u

n
sn

ti
sf

n
ct

or
y 

d
u

e 
to

 l
im

it
ed

 
so

lu
bi

li
ty

, 
an

d 
co

m
pl

ic
at

ed
 

ab
so

rp
ti

on
s 

in
 t

h
e 

ph
cn

yl
 

re
gi

on
. 

’ 
In

 s
ee

-b
u

ty
l 

qo
u

p,
 

si
gn

al
s 

as
si

gn
ed

 a
cc

or
di

n
g 

to
 C

H
(l

)(
C

H
(2

)3
)C

H
(3

)H
(4

)(
C

H
(6

)3
);

 
as

si
gn

m
en

ts
 f

or
 H

(3
) 

an
d 

H
(4

) 
m

ay
 b

e 
re

ve
rs

ed
. 

,;,
,I 

‘, 



.:..gjd., :. _ . . -. ” ‘~ (. : - ._ 
: : : -- .. .- _ .~ 

phnyt gtkm@s, fragmentation involved loss of these groups as integral mass units. 
.The complexes containing the isopropyl group behaved similarly to the latter 

:.‘compounds but in addition the loss of 14 a.m.u. (CH,) fragments was also ob-- 
seryed:Thc% iodo.derivatives failed to show a molecular ion in some cases, tid in- 

. . stead the highest m&s ion was that which had lost one iodine atom (See Experi- 
&entai) . 

The compounds (Table 1) are relatively inert towards displacement reactions, 
and we were unable to displace a halide ion with various neutral ligands (e.g. CO, 
PEt3 and i-PrNC) to produce a cationic species as has been reported for the low- 

.er alkyl phosphine compounds [lo]. A similar difficulty occurs on attempts to 
replace the chloride with other halide ions, and the preparative route mentioned 
above had to be used for the bromo and iodo compounds. 

The ease of conversion of the dichloro derivative to the monohydride,-PtCl- 
(H)(PR& varies with the phosphine used, and decreases in the order P-i-Pr3 > 
Pcy,Ph > Pcy,, which correlates with the relative steric requirements of each li- 
gand. Thus the complex PtC12(P-i-Pr3)t may be converted to the monohydride 
by refluxing with hydrazine hydrate in 2-methoxymethanol for several hours, 
but with PtC&(Pcy,Ph), even longer reaction times are required, and only trace 
quantities tie formed with PtCl,(Pcy&. The addition of a small quantity of tri- 
p-tolylphosphine, or triphenylarsine, to the reaction mixture catalyses the forma- 
tion of PtCl(H)(Pcy,Ph),. We are unable to define the mechanism of this cataly- 
sis at present, but it would appear necessary for the added ligand [ @-CH&H&P 
or AsPhJ to enter the coordination sphere of the platinum to relieve the steric 
crowding which we assume otherwise inhibits the reaction. It is known, however, 
that when a bulky ligand is coordinated to the metal, a bimolecular type of sub- 
stitution mechanism is no longer facile, and ligand exchange has been postulated 
to occur through an interchange dissocative process where the square-planar com- 
plex behaves as a pseudo-octahedral species and a molecule of solvent is involved 
in the rate-determining step [ll]. We are investigating the mechanism further to 
determine whether the intermediate involves the loss of a halide ion or a phos- 
phine ligand. At higher temperatures (>2OO”C) we have found that it is the lat- 
ter group which is apparently eliminated in that when trans-l?tIzLz (L = P-i-Prs, 
Pcy,Ph, Pcy,) compounds are heated to their melting points (Table 1) a phos- 
phine ligand is eliminated to produce the dimeric deep-red complex Pt&L*. The 
corresponding chloro and bromo compounds do not behave in this way; no reac- 
tion occurred on heating and we were unable to isolate the dimeric species in 
these cases. Even in the iodo derivative the instability of the halogen bridge is 
demonstrated by reaction with carbon monoxide at ambient temperatures and 
pressurej with the reaction proceeding even more rapidly in refluxing chloroform 
solution : 

~2I,(PCY,), + x0. -+ 2 cis-Pt(CO)I* (Pcy,) 

The above modification for the hydride preparation was only partially~success- 
ful for the preparation of PtH&‘cy&, tid to improve the overall yield of this 
compound we devised a more circuitous route. When the amine complex cis-PtC&- 
(Ad?~,), was treated with tricyclohexylphosphine .and hydrazme hydrate in 
ethanol; the chlorohydrido compound trans-PtCl(H)(Pcy,), was formed as a pale 
yelltiwsolid, in addition to some dichloride, .-trans-PtCl, (Pcy& Using this pro& 
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‘- ’ dure-wit’h the &her phosphines, P-i&, and PcyzPh, yielded only the dichloride 
complexes, trans-PtClz(PRJ), (R = cyzPh, i-Pr). It would appear therefore that in 

~tfi&e Iatter.twb cases the r&e of replacement of the amine ligand is more rapid 
than-the rate of formation of the hydride species, but with the bulky Pcy3 ligand 
the two rates are comparable, and thus both the chlorohydrido and dichloride 
compounds are obtained. Unlike the dichloride, the chlorohydrido complex, 
trans-PtClH(Pcy,),, does exchange chloride on treatment with lithium iodide in 
acetone to yield to corresponding trans-hydridoiodo complex. 

The hydrides, frans-PtCl(H)L, (L = P-i-Pr,, PcyzPh, Pcy,) and trans-PtH(I)- 
(Pcy& are all air stable, colourless or pale yellow, crystalline compounds. The 
values of u(Pt--H) for the hydrides are recorded in Table 2, and are discussed be- 
low with the spectra of the dihydride compounds. The mass spectra of these 
compounds show a low intensity molecular ion with the most intense peak 
arising from the loss of a halogen atom. 

We have studied the reactioris of the halohydrido compounds with the hydro- 
borate ion to determine whether the corresponding hydridohydroborate species 
can be isolated. In every case when the two reactants are stirred together in 
acetonitrile solution in the absence of light, the sole product is the correspond- 
ing dihydride species, trans-PtH&, (L = P-i-Pr,, PcyJ’h, Pcy,). We have found 
no evidence for any hydroborate intermediate by intermpting the reaction at 
various stages, or by changing the solvent. The formulation of the dihydride is 
supported by elemental analysis, IR, NMR and (in part) mass spectrometric data. 
The compounds are stable when stored under nitrogen in the dark, but become 
discoloured on standing in the light for prolonged periods. The compound PtH?- 
(P-i-Pr& sublimes at 50”C/IO-3 torr, and ail three compounds slowly revert to 
the chlorohydrido compound on standing in chloroform solution. The IR spec- 
tra all show strong, single but fairly broad bands associated with v(Pt-H) occur- 
ring at a much lower frequency (1710-1765 cni’) than the monohydride com- 
pounds (X58-2223 cm-‘) consistent with a frans geometry. The data are given 
in Table 2. The ‘H NMR spectra of the mono- and di-hydride compounds (Table 
2) show considerable variations in the T(Pt-H) and ‘J(Pt-H) values. Both sets 
of spectra show the expected 1 : 2 : 1 triplet at high-field from.coupling of the 
hydride to the two equivalent 31P nuclei, as well as the two satellites from the 
‘95Pt(i = i ) isotope, and are therefore consistent with a frans geometry. The data 
for the tricyclohexylphosphine derivative correspond well with the previously 
reported values when allowance is made for the different solvents used 141. The 
T(Pt-H) values correspond with the relative tram influence of the iigands in that 
the high-field shift is dependent upon, amongst other factors, the metal-hydro- 
gen bond length with the shorter Pt-H bonds showing the higher field shift. 
Thus the increasing T(Pt-H) values should be the reverse of the frans influence 
series, i.e. Cl-> I-> H-, as is observed. Using the same arguments and, since the 
‘J(Pt-H) values are dependent directly upon the proportion of s-character in the 
Pt-H bond, the value of ‘J(Pt-H) in the dihydride series should be less than in 
the monohydride series. Whilst this rationale allows an explanation of the experi- 
men&l trends it gives no indication of the magnitude of such effects, and it may 
be that one or more of the other contributing factors do in fact predominate. 
The mass spectrum of [PtH,(i-Pr,P),] showed only a weak mol_ecular ion, and a 
fragmentation pattern which involved loss of the hydrogen atoms and isopropyl 
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groups (see Experimental). Satisfactory spectra of the other two dihydrides 
dould not be obtained due to decomposition, and only fragmentation patterns 
attributable to the ligands were obtained_ 

The chlorohydrido compound PtCI(H)(Pcy,Ph), is converted to the dideuter- 
ide product Pt’Hz(Pcy,Ph)z on treatment with lithium deuteroborate, LiBDJ, as 
evidenced by the lack of any Pt-H absorption in the IR spectrum, and the ap- 
pearance of a strong band at 1270 cm’ [v(Pt-H)/v(Pt-‘H) 1.391. We assume 
therefore the initial deuterohydrido product undergoes further exchange with 
the BD, ion yielding the dideuteride product. 

Experimental 

All reactions were performed under a dry nitrogen atmosphere, the solvents 
were dried and distilled prior to use, and the uncorrected melting points were 
determined using a Gallenkamp MF-350 apparatus. Molecular weights were made 
with a Mechrolab 301A vapour pressure osmometer, and microanalyses were car- 
ried out by either the microanalytical laboratory at the University of Sheffield 
or by A. Bemhardt Laboratories, West Germany. 

The IR spectra were obtained using Perkin-Elmer 457 and 180 spectrometers, 
or on a Research and Industrial Instruments Company F.S.-720 Fourier spectrom- 
eter (in the range 300-50 cm-l). Routine proton NMR spectra were recorded 
using a Perkin-Elmer R12 (60 MHz) spectrometer, but the quoted values are 
from spectra obtained using either a Varian HA100 or Bruker WH90 spectrom- 
eters. The mass spectra were run using an AEI MS12 or V.G. Micromass 12 
spectrometer. The phosphine ligands were prepared as described elsewhere [12, 
131. 

Preparations 

Trans-Dichlorobis(triisopropylphosphine)platinum(ll) 
P-i-PrJ (1.95 g, 12.2 mmol) was added to K2PtC14(2.5 g, 4.7 mmol) dissolved 

in 15 ml of water. After shaking for 3 h the complex was filtered off and recrys- 
tallised from chloroform/ethanol to yield yellow prisms. Yields averaged 60-65%. 
Mol. wt. (CHCl, solution), 581 (calcd. 586). The mass spectrum showed a molec- 
ular ion at m/e 590-584, and ions corresponding to the following fragments: 
Pt(P-i-Pr,),, PtPZ-i-Prs, PtP2-i-Pr4, PtPZ-i-Prj, PtP-i-Prz and PI?;. 

trans-PtClz(Pcy~h), and trans-PtC12(Pcy3)2 
Two molar equivalents of the phosphine (usually about 2 g) was added to one 

of K2PtC14 dissolved in a mixture of chloroform/water. The mixture was stirred 
vigorously and heated to reflux. After separation of the chloroform layer, when 
the colour of the starting material in the aqueous layer had been discharged and 
removal of the solvent achieved, the solids were obtained as yellow solids. They 
were recrystallized from dichloromethane/ethanol mixtures, and yields were 
50-60%. For PtCl,(PcyzPh) the mol. wt. (CHCls) was 842 (calcd, 814), but 
PtCIZ(Pry,) was too insoluble for reliable measurements to be made. Both com- 

--pounds show a molecular ion in their mass spectrum and.also ions with m/e val- 

. 
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(1.0 g) in 2-methoxymethanol(20 ml).and the mixture refluxed for 3-h. The 
solid slowly dissolved to give a yellow solution, and after removal of the solvent, 
washing with water, and recrystallisation from CH2C12/MeOH by slow-evapora- 
tion, the hydride PtCl(H)fP-i-Pr,), was obtained as a pale yellow solid. Yield 0.57 
g, 60%. The hydride, PtCl(H)(Pcy2Ph)2 was prepared in similar yields except 
several mg. of tri-p-tolylphosphine or AsPh, were added. The mass spectrum 
showed peaks at m/e masses corresponding to M, PtH(Pcy,Ph),, PtP,cyPhz. 

Formation of trans-PtCI(H)(Pcy& 

Hydrazine hydrate (1 ml) and excess tricyclohexylphosphine (1 g) were added 
to a stirred suspension of PtC&(AsPh,), (1.0 g) in ethanol (40 ml), and the mix- 
ture refluxed for 0.5 h. The yellow solid deposited was filtered from the hot so- 
lution, and after recrystallisation from CH2C12/EtOH by slow evaporation, the 
hydride was obtained as fine colurless needles. The mass spectrum showed m/e 
masses from M, PtCl(Pcy&, Pt(Pcy,),. The iodide, PtH(I)(Pcy& was prepared 
from PtCl(H)(Pcy,), by the action of sodium iodide in acetone solution over a 
period of 24 h. The mass spectrum showed m/e masses from Mz PtI(Pcy,)z, PtH- 
(PCY,),, Pt(PcY,)*- 

Fcrmation of dihydride complexes trans-PtHzL2 (L = P-i-Pr,, Pcy,, PhPcyJ 
All the dihydrides were prepared by the same method. Thus a five molar ex- 

cess of lithium tetrahydroborate was added to the corresponding hydridochloro 
compound (-0.5 g) in acetonitrile, and after stirring for 24 h the solvent was re- 
moved in vacua. The hydride PtH2(P-i-Pr& was sublimed from the residue at 
50”C/10-3 ton-, and the other two hydrides were extracted rapidly with CH1_CIz, 
and precipitated by adding methanol. The solids were dried in vacua after filtra- 
tion. The yields and mass spectrum [PtH2(P-i-Pr3)2] for the hydrides were as fol- 
lows: PtH,(l?-i-Pr3)z, (65%), m/e from M, Pt(P-i-Pr,),, PtHP* -i-PrSr PtHZPz-i-Pr,, 
PtH3P2-i-Pr3, PtPl-i-PrZ, PtP*. PtH2(Pcy,Ph)2 (35%), PtH2(Pcy,), (45%). 
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