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Co-ordination Chemistry of Higher Oxidation States. Part 4." Palladium(1v) 
Complexes of Nitrogen, Phosphorus, and Arsenic Donor Ligands. 
Crystal and Molecular Structures of [ Pd( bipy)C14] and 
[ Pd{ 0- c6 H 4 ( AsM e2 ) 2}2 CI 21 [ CI 0 4 1  2 t 
Leslie R. Gray, David J. Gulliver, William Levason,* and Michael Webster * 
Department of Chemistry, The Universit y, Southampton SO9 5NH 

Octahedral palladium(iv) complexes [Pd(L-L)C14] [L-L = Me2NCH2CH2NMe2, 2,2'-bipyridyl (bipy), 
I ,I 0-phenanthroline (phen), Ph2PCH2CH2PPh2, Me2PCH2CH2PMe2, Ph2AsCH,CH2AsPh2, 
O-C&(AsMe2)2, and Me,As(CH,),AsMe,] have been prepared by chlorine oxidation of 
[Pd(L-L)CI,]. The corresponding [Pd(L-L)Br,] [L-L = Me2PCH2CH2PMe2, 0-C6H4(ASMe2)2, and 
Me,As(CH2),AsMe2] have been obtained, but the [Pd(L-L)Br2] (L-L = N-donors above, 
Ph2PCH2CH2PPh2 and Ph,AsCH,CH2AsPh2) were not oxidised by bromine. The complexes [Pd( L-L)X4] 
(X = CI or Br) reductively eliminate X2 on gentle heating. Chlorine oxidation of Pd(L-L)2C12 gave 
Pd(L-L)2C14 for L-L = Me2PCH2CH2PMe2 and O-CgH4(PMe2)2, but gave [Pd(L-L)CI,] for 
L-L = Ph2PCH2CH2PPh2, Ph2AsCH2CH2AsPh2, and O - C ~ H ~ ( A S M ~ , ) ~ .  The complexes 
t r a n ~ - [ P d ( L - L ) , X , ] [ C l 0 ~ ] ~  [X = CI or Br; L-L = Me2PCH2CH2PMe2, O-C6H4(PMe2)2, 
~ - C ~ i - t ~ ( A s M e ~ ) ~ ,  or 0-C6H4( PMe,) (AsMe,)] were obtained by HN03-HX oxidation of Pd( L-L)2X2 
followed by addition of HC104. Infrared, electronic, and H n.m.r. spectra are reported for the complexes. 
Attempts to prepare PdIV complexes with multidentate phosphines and arsines are described. 
The structures of the title compounds have been established by single-crystal X-ray studies. The complex 
[Pd(bipy)CI,] is monoclinic, space group Pn, a = 12.241(5), b = 6.720(2), c = 8.120(9) A, 
p = 104.37(5)", and Z = 2. 1 383 Observed reflections [o(F)  G 2F] refined R to 0.023. The 
crystal contains discrete octahedral molecules [Pd-CI 2.289(1)-2.310(1), Pd-N 2.037(4), 2.044(4) A]. 
The complex [ P ~ ( O - C ~ H ~ ( A S M ~ ~ ) ~ } ~ ~ I ~ ]  [C104]2 is triclinic, space group PT, a = 7.903(3), b = 10.670(3), 
c = 10.1 41 (2) A, a = 11 0.50(2), p = 91.75(3), y = 107.31 (3)", and Z = 1. 1 680 Observed 
reflections [ o ( F )  G 3F] refined R to 0.039. The crystal contains trans octahedral cations 
[Pd-CI 2.302(2), Pd-As 2.452(1), 2.455(1)] and perchlorate ions [CI-0 1.42(1) A]. 

Palladium(1v) is a comparatively rare oxidation state best 
established in PdF4, PdO,, and in complexes with anionic 
ligands, for example in [PdXJ2- (X = F, CI, or Br), [Pd- 
(S,CNR,),] + and [Pd(S2CNR2),X2] (S2CNR2- = dithio- 
carbarnate)., Complexes with neutral ligands are less stable 
and few have been thoroughly characterised. Substituted 
halogeno-anions [PdLX5]- (L = PPrn3, AsEt,, SMe2, SeMe,, 
NMe,, or C5H5N; X = C1 or Br) have recently been prepared 
by halogen oxidation of the corresponding [PdLXJ-, but 
neutral analogues [PdL,X4] can generally only be isolated 
when L = amine. 

Complexes with several bidentate ligands have been des- 
cribed including those of pr~pylenediamine,~ 2,2'-bipyridyl 
( b i ~ y ) , ~  1 ,lo-phenanthroline  hen),^ and O-C~H~(PM~, ) , ,~  
but only the complexes [Pd(L-L)2X2][C104]2 [L-L = O-C6H4' 
(AsMeJ, ' or H2NCH2CH2NH2; 8*9  X = C1 or Br] have been 
studied in any detail. The single reported complex of a poly- 
dentate ligand is [Pd{As(C6H4AsPhz-o)3)C121C12.'0 We have 
shown l1 that Pd"-dithioether complexes cannot be oxidised 
to PdlV by a range of oxidants. Here we describe systematic 
attempts to prepare PdIV complexes of bi- and poly-dentate 
ligands, their spectroscopic characterisation, and single-crystal 
X-ray studies of examples of the two main structural types. An 
account of the PtIV analogues has been published.12 There is 
also growing evidence 1 3 9  l4 that organopalladium(1v) inter- 
mediates are involved in the coupling of alkyl halides mediated 

f (2,2'-Bipyridyl)tetrachloropalladium(1v) and trans-dichloro- 
bis[o-phenylenebis(dimethylarsine)]palladium(rv) diperchlorate. 
Supplementary data available (No. SUP 23435, 24 pp.): structure 
factors, thermal parameters, H-atom co-ordinates. See Notices to 
Authors No. 7, J. Chem. SOC., Dalton Trans., 1981, Index issue. 

by complexes such as [Pd(PhzPCH2CH2PPh2)Me2] or [Pd- 
(PPhzMe)zMez]. 

Results 
[Pd(L-L)X4] (L-L = Bidentute Ligand, X = C1 or Br).- 

Treatment of finely powdered [Pd(L-L)Cl,] suspended in dry 
carbon tetrachloride with a small excess of chlorine produced 
orange-red [Pd(L-L)C14] complexes (Table 1). Similar treat- 
ment of the distibine compounds [Pd(L'-L)CI,] [L'-L' = 
~ - c ~ H ~ ( s b P h ~ ) ~  or Me2SbCH2CH2CHzSbMe2] resulted in 
chlorination of the stibines to the antimony(v) dichlorides, 
identified by their characteristic i.r. and 'H n.m.r. ~pectra. '~ 
Nitrosyl chloride (which oxidises some Nil1 complexes to 
Nil11 , where chlorine causes decomposition) l6 was also 
investigated as an oxidant, but produced similar results to C1, 
with all the palladium(r1) complexes examined. Bromine 
oxidation of [Pd(L-L)Br2] [L-L = Me2PCH2CH2PMe2, 
o -C~H~(ASM~, )~ ,  or Me,AsCH,CH,CH,AsMe,] produced 
red-brown [Pd(L-L)Br4], but when L-L = Me2NCH2CH2- 
NMe,, bipy, phen, Ph2PCH2CH2PPh2, or cis-Ph2PCH= 
CHPPh2, no oxidation occurred, the unchanged palladium(I1) 
complexes being recovered even after overnight treatment with 
a large excess of bromine. Nitrosyl bromide and nitric acid 
also failed to bring about oxidation of the latter series of 
complexes. 

The palladium(1v) complexes of N-donor ligands are stable 
in sealed tubes, but those of phosphorus and arsenic donor 
ligands decompose slowly at room temperature, although they 
can be stored for several months at - 20 "C without significant 
deterioration. On moderate heating the [Pd(L-L)&] com- 
plexes decompose, the weight losses (Experimental section) 

http://dx.doi.org/10.1039/DT9830000133


Ta
bl

e 
1.

 A
na

ly
tic

al
 a

nd
 p

hy
si

ca
l d

at
a 

fo
r 

th
e 

[P
d(

L-
L)

X
4]

 c
om

pl
ex

es
 

7
 

_
_

 
A

na
ly

si
s 

<%
) 

r
-
-
-
-
-
-
-
-
_
-
h
-
 

A
M
 

v(
 P

d -
X

)/c
m

-' 
IO

-~
 E

m
,,.

 */
cm

-' 
C

ol
ou

r 
C

 
H

 
X

 

(
0

)
 [P

d(
L-

L)
C1

41
 

L-
L 

=
 M

e2
N

C
H

zC
H

2N
M

e2
 

bi
py

 
ph

en
 

M
e2

PC
H

zC
H

2P
M

e2
 

M
e2

A
sC

H
2C

H
2C

H
2A

sM
er

 
Ph

2P
C

H
2C

H
2P

Ph
2 

o-
C

6H
4(

 A
S

M
~

~
)

~
 

Ph
zA

sC
H

,C
H

2A
sP

h2
 

R
ed

 
O

ra
ng

e-
re

d 
D

ar
k 

or
an

ge
 

O
ra

ng
e 

O
ra

ng
e-

re
d 

D
ar

k or
an

ge
 

O
ra

ng
e 

O
ra

ng
e 

20
.1

 (
19

.8
) 

29
.2

 (
29

.7
) 

33
.2

 (3
3.

6)
 

18
.2

 (1
8.

1)
 

48
.0

 (
48

.3
) 

17
.2

 (
16

.8
) 

22
.5

 (
22

.5
) 

42
.9

 (
42

.5
) 

4.
5 

(4
.4

) 
2.

0 
(2

.0
) 

2.
0 

(1
.9

) 

4.
1 

(4
.1

) 
4.

1 
(3

.7
) 

3.
8 

(3
.6

) 

3.
0 

(3
.0

) 
3.

3 
(3

.3
) 

38
.7

 (
38

.9
) 

34
.7

 (3
5.

1)
 

33
.1

 (
33

.1
) 

35
.6

 (3
5.

6)
 

21
.5

 (
21

.9
) 

27
.6

 (
28

.3
) 

21
.4

 (
21

.5
) 

19
.2

 (1
9.

3)
 

35
6m

, 3
42

 (s
h)

, 3
36

s 
36

3m
 (s

h)
, 3

57
s, 

35
2m

 (
sh

) 
35

9b
r, 

34
2m

 

34
5m

, 3
28

s, 
32

0 
(s

h)
 

34
9m

 (s
h)

, 3
41

s, 
33

0 
(s

h)
, 3

17
w

 
34

4 
(s

h)
, 3

27
s, 

3 I
~

s
, 30

0 
(s

h)
 

34
7 

(s
h)

, 3
37

s, 
3 1

8s
 

34
1 

(s
h)

, 3
32

s, 
30

9m
 

19
.6

 (v
br

) 
20

 
32

.9
, 2

7.
5,

 2
3.

1,
 2

1.
1 

-
 

24
.9

, 
21

.0
 

-
 

31
.9

, 2
7.

2,
 2

1.
3 

17
 

27
.3

, 
24

.7
, 

20
.5

 
-
 

34
.9

, 2
8.

4,
 2

0.
3 

-
 

34
.5

, 2
7.

3,
 2

4.
5,

 2
0.

2 
-
 

27
.6

. 
19

.8
 

-
 

(b
) [

Pd
(L

-L
)B

rJ
 

L-
L 

=
 M

e2
PC

H
2C

H
2P

M
e2

 
R

ed
-b

ro
w

n 
12

.8
 (1

2.
5)

 
3.

0 
(2

.8
) 

56
.1

 (
55

.5
) 

24
4m

, 
18

8s
, 1

77
 (s

h)
 

30
.7

, 2
4.

7,
 1

9.
8 

-
 

M
e2

A
sC

H
2C

H
2C

H
2A

sM
er

 
R

ed
-b

ro
w

n 
11

.9
 (1

2.
4)

 
2.

9 
(2

.7
) 

48
.0

 (4
7.

1)
 

24
8s

, 
19

6 
(s

h)
, 

18
0s

 
26

.6
, 2

3.
7,

 1
9.

9 
-
 

o-
C

6H
4(

 A
s M

e2
)2

 
D

ar
k 

re
d 

16
.9

 (1
6.

9)
 

2.
2 

(2
.3

) 
44

.2
 (

44
.9

) 
22

0m
 (s

h)
, 

19
0s

, 1
80

s 
21

.2
, 

18
.7

 
-
 

C
al

cu
la

te
d 

va
lu

es
 a

re
 g

iv
en

 i
n 

pa
re

nt
he

se
s. 

* D
if

fu
se

 r
ef

le
ct

an
ce

, 
di

lu
te

d 
w

ith
 B

aS
04

, r
an

ge
 3

5 
x 

10
3-

15
 

x 
lo

3 
cm

-'.
 

In
 R

-' 
cm

z 
m

ol
-I.

 
C

H
3C

N
 so

lu
tio

ns
 

m
ol

 d
m

-3
); 

1 
: 

1 
el

ec
tro

ly
te

s 
ha

ve
 A

M
 =

 1
20

-1
60

 
IZ-
' 

cm
2 m

ol
-' 

(W
. J

. G
ea

ry
, C

oo
rd

. C
he

m
. 
Re
v.
, 1

97
1,

 7
, 8

1)
. 

N
 =

 7
.9

 (
7.

7)
%

. '
 N

 =
 6

.8
 (6

.9
)%

. 
N

 =
 6

.6
 (

6.
5)

%
. 

T
ab

le
 2

. A
na

ly
tic

al
 a

nd
 s

pe
ct

ro
sc

op
ic

 d
at

a 
fo

r 
tr
~n
s-
[P
d(
L-
L)
2X
~]
[C
lO
~]
~ 

an
d 

Pd
(L

-L
hX

, 
(X

 =
C

I 
or

 B
r)

 

C
ol

ou
r 

O
ra

ng
e-

re
d 

O
ra

ng
e-

re
d 

D
ar

k 
re

d 
O

ra
ng

e 
D

ee
p 

R
ed

 
O

ra
ng

e 
R

ed
 

O
ra

ng
e 

R
ed

 
Y

 el
lo

w
-g

re
en

 
O

ra
ng

e 

or
an

ge
 

a
-1

 
f
O
/
\
 

Y
 

C
 

H
 

X
 

m
ot

' 
,,
.'
.A

. 

cm
-' 

21
.4

 (
21

.3
) 

4.
7 

(4
.8

) 
10

.5
 (

10
.5

) 
20

2 
27

.8
, 

21
.8

 
25

.8
 (

26
.3

) 
5.

9 
(5

.9
) 

26
.0

 (2
5.

9)
 

de
co

m
p.

 
33

.3
, 2

7.
0 

19
.2

 (1
8.

9)
 

4.
2 

(4
.2

) 
21

.1
 (

20
.9

) 
21

1 
27

.3
, 

20
.1

 
31

.0
 (3

1.
4)

 
4.

2 
(4

.2
) 

9.
2 

(9
.2

) 
18

0 
27

.2
, 

23
.8

 
37

.6
 (3

7.
3)

 
5.

0 
(5

.0
) 

21
.4

 (2
2.

0)
 

de
co

m
p.

 
30

.3
, 2

4.
0 

(s
h)

, 2
1.

7 

27
.7

 (2
7.

9)
 

3.
8 

(3
.7

) 
18

.0
 (1

8.
6)

 
18

2 
26

.5
, 2

0.
2 

27
.5

 (
27

.9
) 

3.
9 

(3
.8

) 
7.

5 
(8

.5
) 

19
9 

27
.7

, 
22

.7
 

25
.6

 (2
5.

3)
 

3.
4 

(3
.4

) 
16

.4
 (1

6.
8)

 
18

9 
27

.0
, 2

1.
0 

25
.5

 (2
5.

3)
 

3.
4 

(3
.4

) 
7.

8 
(7

.5
) 

21
7 

27
.8

, 2
3.

1 
23

.0
 (

23
.2

) 
3.

2 
(3

.1
) 

15
.0

 (1
5.

4)
 

19
4 

26
.6

, 
20

.2
 

10
-3

 ,
qr

na
H

. 
(E

m
ol

)/C
m

-' 
23

.2
 (

3 
10

6)
 

-
 

21
.6

 (
1 

75
0)

 
24

.1
 (

4 
50

0)
 

-
 

21
.9

 (
1 

52
0)

 
23

.5
 (

2 
20

0)
 

21
.3

 (2
 0

75
) 

22
.5

 (
2 

30
0)

 
20

.7
 (

1 
40

0)
 

24
.6

 (
17

4)
 

23
.8

 (
81

0)
 

'H
 n

.m
.r.

'/6
/p

.p
.m

. 
1.

7 
(t)

, 6
 H

z 
[1

.7
5 

(t)
, 

8 
H

z]
 

1.
7 

(t
) 

2.
12

 (
t),

 6
 H

z 
[1

.7
8 

(t)
, 8

 H
z]

 
1.

9 
(t)

, 
5 

H
z 

[1
.8

5 
(t)

, 
12

 H
z]

 
~ 

1.
9 

(t
) 

0
 8 

f I
f, 

81
 

8 
f f

f, 
gl

 
9
 

9 

1.
95

 (t
), 

5 
H

z 
[1

.9
 (t

), 
12

 H
z]

 

u 4
 

2.
15

 (s
) 

[1
.9

 (s
)]

 
1.

97
 (

s)
 [2

.1
 (s

)]
 

4
 

C
al

cu
la

te
d 

va
lu

es
 i

n 
pa

re
nt

he
se

s. 
* F

re
sh

ly
 p

re
pa

re
d 

m
ol

 d
m

-j 
so

lu
tio

n 
in

 M
eN

02
; 2

 : 
1 

el
ec

tro
ly

te
s 

ha
ve

 A
M

 12
0-

20
0 

i2
-l

 
cm

2 m
ol

-*
 i

n 
th

is
 s

ol
ve

nt
. 

D
iff

us
e 

re
fle

ct
an

ce
, 

di
lu

te
d 

w
ith

 B
aS

04
, r

an
ge

 3
0 

x 
lo

3-
15

 
x 

lo
3 

cm
-I.

 d
C

H
3C

N
 so

lu
tio

n 
lo

w
-e

ne
rg

y 
ba

nd
 o

nl
y.

 '
Fr

es
hl

y 
pr

ep
ar

ed
 s

ol
ut

io
n 

in
 C

D
,C

N
, 

ex
ce

pt
 w

he
re

 s
ta

te
d 

ot
he

rw
is

e.
 D

at
a 

in
 

pa
re

nt
he

se
s 

re
fe

r 
to

 P
d'

l 
an

al
og

ue
s;

 c
ou

pl
in

g 
co

ns
ta

nt
s 

gi
ve

n 
ar

e 
'J

(P
H

). 
C

om
pl

ex
 p

at
te

rn
 d

ue
 t

o 
ov

er
la

p 
of

 M
e2

P-
 a

nd
 M

e2
A

s-
 r

es
on

an
ce

s 
C

Q
. 

1.
8-

2.
00

 
p.

p.
m

. 
9 

(C
D

J)
2S

0 
so

lu
tio

n.
 

D
at

a 
fr

om
 re

f, 
9,

 s
ol

ut
io

ns
 in

 0
.1

 m
ol

 d
m

-3
 H

C
10

4.
 

r 2: YJ C
I 

\o
 

0
0
 

w
 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
83

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/D

T
98

30
00

01
33

http://dx.doi.org/10.1039/DT9830000133


J. CHEM. SOC. DALTON TRANS. 1983 135 

monitored by t.g.a. (dynamic argon atmosphere) correspond- 
ing to those expected for reductive elimination of X2. Examin- 
ation of the residues by analysis and i.r. spectroscopy showed 
them to be predominantly the corresponding [Pd(L-L)X2] 
complexes. In the cases of complexes of the N-donor ligands,* 
and the alkyl-substituted diphosphines and diarsines, the 
reductive elimination is essentially clean, but for the phenyl- 
substituted diphosphine and diarsine compounds, some 
oxidation of the neutral ligand occurs. 

The [Pd(L-L)X,] complexes are only slightly soluble in 
halogenocarbons and acetonitrile, and are decomposed by 
dimethyl sulphoxide. The complexes [Pd(L-L)X,] (L-L = 
diphosphine or diarsine) decompose rapidly in CH2C12 solution, 
to [Pd(L-L)X,], oxidised ligand, and other unidentified pro- 
ducts. Attempts to obtain 'H n.m.r. spectra by in situ oxidation 
(X,) of [Pd(L-L)X,] failed due to rapid precipitation of [Pd- 
(L-L)X,I. 

The far4.r. spectra of the [Pd(L-L)Cl,] complexes (Table 1) 
exhibit three or four overlapping bands assigned as v(Pd-Cl), 
consistent with the expected cis pseudo-octahedral structures 
(theory predicts four i.r.-active Pd-Cl stretches, 2A1 + B1 + 
B2). This structure has been confirmed for [Pd(bipy)Cl,] by an 
X-ray study (see below), and from the similarity of the i.r. 
spectra, clearly pertains for all the [Pd(L-L)X,] complexes. 
Comparison of the i.r. spectra of these complexes with those 
of the [Pt(L-L)X4] analogues l2 is interesting. For the Pt'" 
complexes the vibrations of the axial halides (Al + B2) occur 
at higher frequencies than those of the in-plane PtX2 unit, 
whilst for the PdiV complexes, the vibrations span a much 
smaller frequency range. We noted a similar difference in the 
spectra of [PtLX,]- and [PdLX5]- ions, and ascribe it to the 
reduced trans-influence of the neutral ligand L-L on the much 
harder PdIV ion. 

The electronic spectra of these complexes are mainly com- 
posed of broad intense charge-transfer bands, although the 
rather weaker absorptions (ca. ~ 2 0 0 o 0  cm-') may be 
essentially d-d in character. 

[Pd(L-L),Cl2I2+ (L-L = Bidentate Ligand, X = C1 or Br). 
-Chlorine oxidation of Pd(L-L)2C12 [L-L = Ph2PCH2- 
CH2PPh2, Ph2AsCH2CH2AsPh2, or o-C6H4(AsMe2),] in CCl, 
suspension produced [Pd(L-L)Cl,] and oxidised ligand. Only 
for complexes of Me2PCH2CH2PMe2 and O-C6H4(PMe2)2 was 
it possible to produce Pd(L-L),Cl,. Similar displacement of 
one bidentate ligand occurs on chlorination of platinum(I1) 
Pt(L-L)2C12 complexes of aryl diarsines, but Pt(L-L),Cl, 
were isolated l2  with Ph2PCH2CH2PPh2, O - C ~ H ~ ( A S M ~ ~ ) ~ ,  
and Me2PCH2CH2PMe2. A more successful approach 6*7 

to [Pd(L-L),X212+ ions was oxidation of Pd(L-L),X2 with a 
mixture of concentrated nitric acid-concentrated HX (X = C1 
or Br) at 0 "C and after addition of excess 70% perchloric acid 
(CAUTION : potential explosion hazard), [Pd(L-L),X,]- 

(PMe2)(AsMe2), and Me2PCHzCH2PMe2] (Table 2) were 
isolated. Curiously, [Pd(Ph2PCH2CH2PPh2)2]Y2 (Y = ClO, 
or C1) were not oxidised by this acid mixture. Bis(1igand)- 
palladium(I1) complexes cannot be prepared in the presence of 
halide ions for Me,NCH2CHzNMe2, bipy, or phen," but 
Mason's data on [Pd(H2NCH2CH2NH2)2X2]2 + have been 
included in Table 2 for comparison. 

The [Pd(L-L),X,][C104]2 complexes decompose slowly in 
the solid state, and more rapidly in solution, with the diphos- 
phine chloro-complexes the most stable, and [Pd{o-C6&- 
( A S M ~ ~ ) ~ } , B ~ ~ ] [ C ~ O ~ ] ~  the least. In freshly prepared lop3 mol 

[C1O,]2 [L-L = O-C~H~(ASM~Z)Z, O-C6H4(PMe2)2, o-C,~H~- 

* The thermal decomposition of [Pd(bipy)Cl,] to [Pd(bipy)C12] has 
been reported previously, see ref. 17. 

dm-3 nitromethane solution the diperchlorate complexes are 
1 : 2 electrolytes, but the Pd(L-L)2C14 complexes decompose 
rapidly in solution and do not give reproducible conductivities 
[cf. Pt(L-L)2C14].12 The cation in [Pd{o-C6H,(AsMe2)2}2C12]- 
[C1O4I2 was shown to have a trans geometry by an X-ray study 
(see below), and similar structures are assigned to all the 
complexes based upon the 'H n.m.r. spectra (Table 2). The 
diarsine complexes exhibit single As-Me resonances, and the 
diphosphines broader ' triplet ' P-Me resonances consistent 
with local D4,, symmetry for the cations. The far-i.r. spectra 
of the complexes show a number of medium intensity absorp- 
tions attributable to the neutral ligands, but the expected 
Bl,(PdX2) vibrations have not been identified. The i.r. spectra 
of the corresponding pairs [Pd(diph~sphine)~Cl,][ClO~]~ and 
Pd(diph~sphine)~Cl, are identical (except for the ClO, - ion 
absorptions), confirming the latter should be formulated 
trans-[Pd(dipho~phine)~Cl~]Cl~. 

The electronic spectra of the [Pd(L-L),XZl2 + cations are 
similar in the solid state and in CH3CN solution (Table 2) 
consisting of one clearly defined absorption in the range (25- 
20) x lo3 cm-', and more intense broad bands at >26 x lo3 
cm-'. The latter are clearly charge-transfer bands, but the 
lower energy band is tentatively assigned as the first spin- 
allowed d-d band 'Al ---t ' E  of the d6 cations. On this basis 
the complexes exhibit the spectrochemical trends C1 > Br, 
and H2NCH2CH2NH2 > o-C~H,(PM~,)~ > Me2PCH2CH2- 
PMe2 > o-C6H4(AsMe2),. The high position of ethylenedi- 
amine is not unexpected for a hard metal ion and has been 
observed previously, e.g. with Cr111,6*19 whereas in lower 
oxidation states and with softer metals the P and As donors 
exert a stronger ligand field, probably due to the greater 
relative importance of the x-acceptor component in their 
bonding. The absorption coefficients are very high for d-d 
bands, and this can be associated with ' intensity borrowing ' 20  

from the nearby Laporte allowed bands. 

Complexes of Multidentate Ligands.-Oxidation of the 
palladium(I1) chloro-complexes of PhP( CHzCH2PPh2),, 
P(CH2CH2PPh2),, M ~ A s ( C H ~ C H ~ C H ~ A S M ~ , ) ~ ,  and As(CH2- 
CH2CH2AsMe,),, with either chlorine or concentrated HN03- 
HClO,, under a variety of conditions, produced materials of 
variable composition, all of which showed evidence in the i.r. 
spectra for oxidation of the neutral ligand. This is in contrast 
with the corresponding platinum complexes," where mer- 
[Pt(tridentate)CI,] + and [Pt(tetradentate)Cl,]' + have been 
isolated. In the case of [Pd(PhP(CH2Ck12PPh2)2}Cl]CI, 
chlorine oxidation in CCl, suspension produced an orange 
solid of composition Pd[PhP(CHzCH2PPh2)2]C14, which 
showed only a weak peak at 1 177 cm-' due to a small amount 
of phosphine oxide,2' and subsequent displacement of the 
ligand (Experimental section) confirmed it was unchanged 
triphosphine with only a small amount of phosphine oxide. 
We conclude on the basis of its properties and these measure- 
ments that the substance is predominantly [Pd{PhP(CH2CH2- 
PPh2)2}C13]CI. The failure to isolate complexes with the other 
multidentate ligands studied is probably due to the preference 
of the palladium(1v) to bind four chloride ligands, rather than 
more than two neutral donors, and the oxidising conditions 
ensure conversion of any unco-ordinated phosphorus or 
arsenic group to the corresponding oxide or chloride. 

Structural Data-The title compounds are the first 
palladium(1v) complexes containing neutral ligands to be 
structurally characterised. Crystals of other palladium(1v) 
complexes, namely [Pd(Ph2PCH2CH2PPh2)C14], [Pd{o-C6H4- 
(AsMe,),)Cl,], [Pd(Me2PCH2CH2PMe2)2Br21[C104]2, and 
[P~(O-C~H~(A~M~,)(PM~,)},B~~][C~~~]~ were successfully 
grown, but these deteriorated during preliminary data 
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Table 3. Selected bond lengths (A) and angles (") for [Pd(bipy)C14] 
with estimated standard deviations in parentheses 

(a) Distances 
Pd -C1( 1) 2.290(1) 
Pd -C1(2) 2.289( 1) 
Pd -Cl( 3) 2.302( 1) 

N( l)-C(l) 1.338(6) 
C(l)-C(2) 1.403(8) 
C(2) -C(3) 1.360(13) 
C( 3) €(4) 1.398( 10) 
C(4)-C(5) 1.359(7) 
C( 5 )  -N( 1) 1.3 56(6) 

C(5)-C(6) 1.477(7) 

(b) Angles 
C1( 1)-Pd -C1(2) 89.1 (1) 
Cl(l)-Pd-C1(3) 89.9(1) 
C1( 1) -Pd-C1(4) 9 1.9( 1) 
Cl(2) -Pd -C1(3) -91.3( 1) 
C1(2)-Pd-C1(4) 90.4(1) 
Cl(3) -Pd -C1(4) 177.6( 1) 

Pd-N(l)-C(l) 124.6(4) 
Pd-N(1)-C(5) 114.6(3) 

Pd -C1(4) 
Pd -N( 1) 
Pd-N(2) 

N(l) - N(2) 

N( l)-Pd-C1(2) 
N( 1) -Pd €I( 3) 
N( 1) -Pd -C1(4) 
N(2) -Pd-C1( 1) 
N(2)-Pd -C1(3) 
N(2) -Pd-C1(4) 
N( 1) -Pd -N( 2) 

Pd-N(2)-C(6) 
Pd -N(2) -C( 10) 

2.31M.l) 
2.037(4) 
2.044(4) 

1.349(7) 
1.392(7) 
1.372(8) 
1.370(9) 
1.376(8) 
1.330(6) 

2.64 

95.4(1) 
89.0(1) 
89.1(1) 
94.9( 1) 
89.3(1) 
88.9( 1) 
80.5(2) 

114.1(3) 
124.9(4) 

All internal ring angles are in the range 119.3(5)--121.0(5) 

N(l)-C(5)<(6) 114.9(4) N(2)<(6)-C(5) 115.9(4) 
C(4)-C(5)-C(6) 123.7(5) C(7)-C(6)-C(5) 124.3(5) 

(c) Planes (referred to fractional crystal co-ordinates) 
Plane 1. N(l), C(l)-C(5) 

Plane 2. N(2), C(6)--C(10) 

Dihedral angle between plane 1 and plane 2 is 1.56". 

8.2939X - 3.5358 Y + 2.67752 = -0.6831 

8.4970X - 3.3905Y + 2.64042 = -0.6376 

collection (at room temperature), and in the absence of low 
temperature facilities their study was abandoned. 

The structure of [Pd(bipy)Cl,] consists of discrete octa- 
hedral molecules. Selected bond lengths and angles are given 
in Table 3; Figures 1 and 2 show the discrete molecule and 
the molecular packing arrangement respectively. The mole- 
cule has no crystallographic symmetry, but inspection of 
Table 3 shows approximate CZ, symmetry is present. The only 
PdxV compound with which comparison can be made is 
[NH4]2[PdC16],2' for which Pd-C1 is reported as 2.300(7) A, 
against values in the range 2.290-2.310 A in [Pd(bipy)C14]. It 
is notable that in the latter the mutually trans chlorines have 
significantly longer (10 o) bonds to Pd, than the chlorine 
atoms trans to nitrogen. A similar difference between Pt-I 
bonds trans to iodine (2.67 .$) and trans to nitrogen (2.61 A) 
has been found in [Pt(phen)16] [which contains Pt(phen)14 
octahedra with I2 molecules linking the ~c tahedra] .~~ The 
neutral Pt'" complex tr~ns-[Pt(PEt~)~Cl~] has Pt-Cl = 
2.332(5) A.23 The dimensions and geometry of the Pd-bipy 
unit do not show any significant deviations from those found 
in related structures, and in particular may be compared with 
[Pt(bipy)C12] 24 [Pt-N 2.001(6), Pt-C1 2.306 A, N-Pt-N 
SO( l)"], Ipd(bip~)21[NOJ~.H~O 25 [Pd-N 2.034 A (average), 
N-Pd-N 80.0(2)"], and [Sn(bipy)Et2C12].26 The two rings in 
bipy have a dihedral angle of 1.56", and as noted pre- 
viously 24-26 the angles N(l)C(5)C(6) [114.9(4)"] and 

Figure 1. Discrete molecule of [Pd(bipy)CI,J excluding H atoms 
and with 40% probability thermal ellipsoids 

Table 4. Selected bond lengths (A) and angles (") for [Pd{o-C6H4- 
(AsMe2)z}2C12][C104]2 with estimated standard deviations in 
parentheses 

(a) Cation 
Pd-Cl(1) 2.302(2) As(1) As(2) 3.355(2) 
Pd-As(1) 2.452(1) As(1) * As(2') 3.580(2) 
Pd-As(2) 2.455(1) 

As€ max. 1.935(8) C-C max. 1.40( 1) 
min. 1.910(8) min. 1.36( 1) 

C1( 1)-Pd-As( 1) 88.3( 1) Cl( 1 ')-Pd -As( 1) 91.7( 1) 
Cl(l)-Pd-A~(2) 89.5(1) Cl(l')-Pd-A~(2) 90.5(1) 
AS( l)-Pd-A~(2) 86.3( 1) As(l)-Pd-As(Z') 93.7( 1) 
Pd -AS( 1) -C( 5 )  IO6.6(2) Pd-As(2) -C( 10) 106.1 (2) 

121.2(9) As-C-C max. 121.3(6) 
min. 118.4(7) min. 119.6(5) 

C-C-C Max. 

Equation of plane passing through C(5)-C( 10) is -5.3631X + 
Dihedral angle between the planes passing through PdAs( 1)As(2) 
and C(5)-C(l0) is 3.49". 

(b) Anion 

9.5327Y - 3.69902 = 0.0626. 

CK2) -0(1 ) 1.430(7) Cl(2)-0(3) 1.424( 7) 
CK2) -om 1.421(7) C1(2)-0(4) 1.423(7) 

0-Cl(2)-0 max. 1 10.7(4) 
min. 1 07.6( 5 )  

Primed atoms are related to unprimed atoms by the centre of 
symmetry at O,O,O. 

N(2)C(6)C(5) [115.9(4)"] are less than the expected 120°, cor- 
responding to an N(l)-N(2) separation (the chelate ' bite ') of 

The second compound, trans-[Pd(o-C6H4(A S M ~ ~ ) ~ } ~  ClJ- 
[C1O4I2, is as the formula implies composed of centrosym- 
metric cations and perchlorate anions. The very similar unit- 

2.64 A. 
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Figure 2. Unit-cell packing arrangement for [Pd(bipy)Cl,] viewed down the b axis 

Figure 3. Cation in [Pd{o-C6H4(AsMez)z}zClz][C104]2 excluding 
H atoms and with 40% probability thermal ellipsoids 

cell dimensions of the Pt'" analogue (Experimental section) 
confirm that the compounds are isostructural. Selected bond 
lengths and angles are in Table 4, and Figures 3 and 4 show 
the isolated cation and the packing arrangement respectively. 
The Pd-Cl distance in the cation [2.302(2) %i] is not signific- 
antly different from that in the [PdCI6]'- anion [2.300(7) A] 21 

despite the differences in the charges on the ions. It is interest- 
ing that a similar comparison of Pt'"-CI distances in trans- 
[Pt(en),Cl2I2 + (en = H2NCH2CH2NH2) [2.313(4) A] 27 and 
[PtC16]'- [2.323(1) A] '* reveals slight differences in the 
expected direction, i.e. shorter Pt-Cl bonds in the cation. The 
cation geometry is similar to that found in tr~ns-[Pt(en)~- 
Cl2lZ+ .27 The structural data on metal complexes of o-phenyl- 
enebis(dimethy1arsine) have been ~ummar i sed .~~  The dimen- 
sions of the diarsine ligand in [Pd{o-C6H4(A~Me2)2}zC12]2 + 

are unexceptional. The o-phenylene ring is planar with the two 
arsenic atoms displaced from the ring by 0.06 and 0.14 A, the 
dihedral angle between the PdAs(l)As(2) plane and the 
aromatic ring being 3.49'. The Pd-As distance in the Pd'" 

Figure 4. Unit-cell packing arrangement for [P~{O-C,H~(ASM~~)~},- 
C12][C104]2 viewed down the c axis 

complex [2.454(2) A] and the AsPdAs angle [86.3(1)"] can be 
compared with the data reported for the essentially planar 
bivalent metal complexes M{o-CsH4(AsMe2)2}2X2 (MX2 = 
Pd12,30 Pt12,3' or PtClz3'), which have M-As in the range 
2.38-2.40 A and As-M-As = 84-86". Although the data on 
the bivalent metal complexes are not of high precision, the 
M-As distances are in good agreement with those reported 29 

recently in Pd{o-C6H4(AsPhMe)2}zX2. Hence it appears that 
the Pd-As distance in the octahedral complex is ca. 0.05-0.07 
A longer than that in the four-co-ordinate MI1 complexes. This 
is similar to the differences observed23*33 in the M-P bond 
lengths between [Pt(PR3),C14] (R = alkyl) and [Pt(PR3)2C121 
(ca. 0.08 A). Whilst part of the increase in length found in the 
MIv complexes may be due to the change in co-ordination 
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number, it may also reflect some x-component in the MII-P- 
(As) bonds, which is less important (possibly negligible) in 
the higher oxidation state complexes. The intramolecular 
As - * As separation in [P~{O-C~H~(ASM~~)~}~C~~]~+ is also 
longer [3.355(2) A] than in the MI1 analogues (3.19-3.24 A), 
but the intermolecular As - - - As distance 3.580(2) A is in the 
range observed p rev io~s ly .~~  No evidence was found for dis- 
order of the perchlorate ions. 

Discussion 
The palladium(1v) complexes prepared in this study and else- 
where ' can be usefully compared with each other, and with 
the analogous platinum(rv) compounds.12 Taking the PdIV- 
PtIV comparison first, the most obvious difference is that whilst 
for PtrV the stabilising effects of chldride and bromide ligands 
were not noticeably different, for PdIV the chloro-complexes 
[Pd(L-L)Cl,] are more stable and can be obtained with a 
wider range of neutral ligands, whilst [Pd(L-L)Br,] were 
isolated only with alkyl-substituted diphosphines and diarsines. 
For the cations [Pd(L-L),X2I2+ those with X = Br are much 
more easily reduced than when X = C1. Platinum(1v) formed 
very stable complexes with bidentate P- or As-donors, and 
rather less stable complexes with tertiary-N- and S-donor 
ligands,I2 but for Pdl" the stability as a function of donor 
atom appears to be N > P 2 As (BS), at least for the 
[Pd(L-L)Cl,] type, although our failure to obtain [Pd(di- 
amine)Br4] was unexpected. Both M" centres have a clearly 
exhibited preference to bind four halide ions, but this tendency 
is particularly marked for PdIV, as evidenced by the smaller 
range of [M(L-L)2X2]2 + ions obtainable, especially in the 
presence of halide counter anions, and this is further illustrated 
by our failure to prepare PdIV complexes with tri- and tetra- 
dentates. Platinum(1v) complexes with P3X3 and P4X2 (or 
As3X3 and As4X2) donor sets were readily synthesised.I2 

The chemistry of the PdIV compounds studied suggests that 
[Pd(L-L),X2I2+ are more ' stable ' than [Pd(L-L)X,] species 
for constant L-L and X, which is unexpected for a high 
oxidation state, It is probable however that the ' stability ' here 
is kinetic in origin, the [Pd(L-L)X4] type having cis halides 
and hence able to reductively eliminate X2 easily (as shown by 
their thermal decomposition) whilst the trans cations do not 
have this decomposition route available. Since [Pd(L-L),X212 + 

ions have only been prepared with very strong a-donor alkyl- 
diphosphines and -diarsines, the contribution of the crystal 
field stabilization energy to the thermodynamic stability may 
also be important for these d6 ions (t2g6e,0). The greater 
stability of PdIV in a complex anion [PdLXJ- (L = uni- 
dentate) is not unexpected, and it is notable that complexes 
with L = SMe2 and SeMe2 have been obtained.' 

More detailed comparisons are not possible in the absence 
of thermodynamic data, and whilst kinetic studies of Pd'" 
complexes are few,34 the latter do indicate that although as 
expected (d6) PdIV complexes are inert, the rates of reaction are 
ca. 103-104 times greater than in the PtIV analogues, a 
significant contribution to the reactivity of PdIV complexes. 

Experimental 
Electronic spectra were recorded on a Perkin-Elmer 554 
spectrometer; other physical measurements were made as 
described previously." The following palladium(rr) complexes 
were made by literature routes or minor modifications 
thereof: [Pd(L-L)C12] for L-L = Me2NCH2CH2NMe2,35 
b i ~ y , ~   hen,^ Ph2PCH2CH2PPh2,36 Ph2AsCH2CH2AsPh2,36 
Me2SbCH2CH2CH2SbMe2,37 and The 
corresponding bromides were prepared similarly using 
Na2[PdC14] exchanged with NaBr in ethanol. The complexes 

Pd(L-L)2C12 where L-L = Ph2PCH2CH2PPh2 36 or o - C ~ H ~ -  
( A s M ~ ~ ) ~ , ~  were made as described. 

[ 1,2-Bis(dimethylphosphino)ethane]dichloropalladium(rr), 
[Pd(Me2PCH2CH2PMe2)C12].-The complex [Pd(Me2NCH2- 
CH2NMe2)C12] (0.294 g, 1 mmol) in acetone (50 cm3) was 
stirred with Me2PCH2CH2PMe2 (0.15 g, 1 mmol) for 2 d under 
nitrogen. The crude product was filtered off, rinsed with 
diethyl ether, and recrystallised from CH2C12-Et20 (0.23 g, 

H, 4.9%. v(Pd-C1) at 322s, br cm-'. Emx. 26 OOO, 20 400 (sh) 
cm-', diffuse reflectance (d.r.)]. The complex [Pd(Me2PCH2- 
CH2PMe2)Br2] was prepared analogously from [Pd(Me2- 
NCH2CH2NMe2)Br2] [Found : C, 17.6; H, 3.4. C6H16Br2P2Pd 
requires C, 17.3; H, 3.9%. v(Pd-Br) at 229, 220 (sh) cm-'. 
Emx+ 28 OOO, 24 600, 21 200 (sh) cm-' (d.r.).] 

71%) [Found: C, 22.3; H, 5.0. C&&12P2Pd requires C, 22.0; 

[ 1,3 - Bis(dimethylarsino)propane]dichloropalladium(rr), 
[Pd(Me2AsCH2CH2CH2AsMe2)C12].-The compound Me2- 
AsCH2CH2CH2AsMe2 (0.35 g, 1.4 mmol) was added under 
nitrogen to a solution of Na2[PdCI4] (0.41 g, 1.4 mmol) in 
ethanol (100 cm3) and the mixture refluxed for 2 h. The 
resulting solution was evaporated to dryness, extracted with 
CH2C12, and filtered. The filtrate was reduced to a small 
volume and the product crystallised out upon dropwise 
addition of EtOH-Et20 mixture (1 : 1 v/v) (0.52 g, 86%) 
[Found: C, 19.4; H, 4.2. C7Hl8As2Cl2Pd requires C, 19.6; H, 
4.2%. v(Pd-C1) at 302, 266 cm-'. Em,,. 28 OOO, 25 200 (sh) 
cm-' (d.r.)]. 

[Pd(Me2AsCH2CH2CH2AsMe2)Br2]. [Found : C, 16.5 ; H, 
3.3. C,HlsAs2Br2Pd requires C, 16.2; H, 3.5%. v(Pd-Br) at 
196m, br cm-'. Emx. 26 800, 22 600 cm-' (d.r.)]. 

Dichloro [o-phenylenebis(dimethylarsine)]palladium(rr), 
[P~{O-C~H~(ASM~~)~}C~~].-A solution of Na2[PdCI4] (0.71 g, 
2.4 mmol) in methanol (50 cm3) was treated with 0-C6H4- 
( A S M ~ ~ ) ~  (0.69 g, 2.4 mmol) in methanol (50 cm3) under 
nitrogen. The mixture was stirred for 2 h and the solid collected 
and dried in uacuo. The solid dissolved slowly in hot NN- 
dimethylformamide (50 cm3) and the resultant solution was 
reduced to ca. 5 cm3 by rotary evaporation. Addition of diethyl 
ether precipitated the crude product which was further 
recrystallised from CH2C12-Et20 to give a yellow solid (0.58 g, 
52%) [Found: C, 25.9; H, 3.5. CloH16As2C12Pd requires C, 
25.9; H, 3.5%. v(Pd-C1) at 314,298 cm-'. Emx 27 600,22 OOO 
cm-' (d .r.)] . 
[Pd{o-C6H4(AsMe2),}Br2]. [Found: C, 21.9; H, 2.9. 

C10H16As2Br2Pd requires C, 21.8; H, 2.9%. v(Pd-Br) at 212, 
193 cm-'. Emx. 25 OOO, 21 700 cm-' (d.r.)]. 

Bis[ lf2-bis(dimethy1p hosp h ino)e thane]palladium( 11) D ic hlo- 
ride, [Pd( Me2PCH2CH2PMe2)2]C12.-A solution of Na2[PdC14] 
(0.25 g, 0.85 mmol) in methanol (100 cm3) was treated with 
Me2PCH2CH2PMe2 (0.255 g, 1.7 mmol) under nitrogen and 
the mixture stirred for 2 h to give a clear solution. This was 
rotary evaporated to dryness, extracted with CH2C12, and 
filtered, and the filtrate concentrated to small volume. The 
solid was precipitated by slow addition of diethyl ether (0.325 
g, 80%) [Found: C, 30.0; H, 6.5. C12H32C12P4Pd requires C, 
30.2; H, 6.8%. Emx. 29 400 (sh) cm-' (d.r.)]. 

[Pd(Me2PCH2CH2PMe2)z]Br2. [Found: C, 25.9; H, 6.0. 
C12H32Br2P4Pd requires C, 25.4; H, 5.7%. Em, 29 100 (sh) 
cm-I (d. r. )I. 

Bis[o-phenylene6is(dimethylphosphine)]palladium(rr) Dichlo- 
ride, [P~{o-C~H~(PM~~)~}~]C~~.-T~~ ligand (0.24 g, 2.38 mmol) 
was added under nitrogen to Na2[PdC14] (0.35 g, 1.19 mmol) 
in methanol (50 cm3) and the mixture stirred overnight. The 
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solution was rotary evaporated to dryness, and the solid 
recrystallised from CH2C12-Et20 (0.48 g, 71%) [Found: C, 
41.6; H, 5.3%. C20H32C12P2Pd requires C, 41.9; H, 5.6%. 
Gx 26 800 cm-' (d.r.)]. 

The following complexes were prepared in a similar manner : 
[ P ~ { O - C ~ H ~ ( P M ~ ~ ) ~ ) , ] B ~ ~  [Found : C, 36.4; H, 4.7. C20H32Br2- 
P4Pd requires C, 36.3; H, 4.9%. Emx. 26 OOO cm-' (d.r.)]; 
[P~{o-C~H~(PM~~)(ASM~~)}~]C~~ [Found: C, 36.2; H, 4.5. 
C20H32As2C12P2Pd requires C, 36.3; H, 4.9%. Emx. 26 800, 
23 200 cm-l (d.r.)] ; and [P~{O-C~H,(PM~~)(ASM~,)}~]B~~ 
[Found: C, 32.0; H, 4.6. C20H32A~2Br2P2Pd requires C, 32.0; 
H, 4.3%. Emxe 25 800 cm-' (d.r.)]. 

[Bis(2-diphenylphosphinoethyf)phenylphosphine] chloropal- 
ludium(n) Chloride, [Pd{ PPh( CH2CH2PP h2)2 }Cl]CI .-Addi t ion 
of a dicldoromethane (30 cm3) solution of PPh(CH2CH2PPh2), 
(0.55 g, 1 .O mmol) to Na2[PdC14] (0.30 g, 1 .O mmol) in ethanol 
(70 cm3) quickly gave a yellow solution. The mixture was 
stirred for 2 h and rotary evaporated to dryness. The residue 
was extracted with dichloromethane (200 cm3), filtered, and 
the solution reduced to a small volume and treated with 
diethyl ether to give a pale yellow solid (0.62 g, 85%) [Found: 
C, 57.5; H, 4.9. C34H33C12P3Pd requires C, 57.4; H, 4.7%. 
v(Pd-C1) at 309s. Em,,. 28 300 cm-I (d.r.)]. 

[Bis(3-dimethylursinopropyf)methylarsine Jchloro- 
pulladium(n) Chloride, [P~{ASM~(CH~CH~CH~ASM~,)~}C~]C~. 
-A solution of M~AS(CH,CH,CH,ASM~~)~ (0.57 g, 1.5 
mmol) in dichloromethane (30 cm3) was added to a solution 
of Na2[PdC14] (0.44 g, 1.5 mmol) in ethanol (70 cm3) under 
nitrogen and the mixture stirred for 2 h. This was rotary 
evaporated to dryness and the residue extracted with dichloro- 
methane and filtered. The solution was reduced to a small 
volume and the product crystallised out with ethanol and 
diethyl ether (0.53 g, 63%) [Found: C, 23.5; H, 4.8. CllH2,- 
As3C12Pd requires C, 23.5; H, 4.9%. v(Pd-C1) at 302m. Emx. 
27 800, 25 OOO (sh) cm-' (d.r.)]. 

Chloro[tris(2-diphenylphosphinoethyl)phosphine]- 
palludium(I1) Chloride, [Pd{P(CH2CH2PPh2)3)C1]Cl.-A solu- 
tion of Na2[PdC14] (0.30 g, 1.0 mmol) in ethanol (60 cm3) was 
mixed with a solution of P(CH2CH2PPh2)3 (0.70 g, 1.0 mmol) 
in dichloromethane (30 cm3). A bright red solution is rapidly 
formed. After stirring overnight the solvent was removed by 
rotary evaporation and the residue extracted with dichloro- 
methane. Reduction to ca. 1 cm3 and addition of a small 
volume of EtOH-Et20 precipitates the highly soluble 
product (0.57 g, 65%) [Found: C, 59.5; H, 5.0. C48H54C12P4Pd 
requires C, 59.5; H, 5.0%. Emx. 20 600 cm-' (dx.)]. 

Chloro [tris( 3-dimethylarsinopropyl)arsine]palladium(11) 
Chloride, [P~(AS(CH~CH~CH~ASM~~)~}C~]C~.--A solution of 
Na2[PdC14] (0.294 g, 1 mmol) in ethanol (70 cm3) was mixed 
with a solution of A S ( C H ~ C H ~ C H ~ A S M ~ ~ ) ~  (0.52 g, 1 mmol) 
in CH2C12 (30 cm3) under nitrogen, and stirred overnight. The 
product was rotary evaporated to dryness, extracted with 
CH2C12, filtered, and the filtrate evaporated to small volume. 
The product was precipitated by addition of EtOH-Et20 
mixture (0.395 g, 57%) [Found: C ,  25.4; H, 5.0. ClJHJ6As3- 
C12Pd requires C, 26.0; H, 5.2%. Em,.,. 27 800, 23 700 cm-' 
(d .r .)I. 

All PdIV complexes were stored in sealed containers at 
- 20 "C to minimise decomposition. All measurements were 
made on freshly prepared materials (wherever possible within 
24 h of preparation). 

[Pd(L-L)Cl,] Complexes, General Method.-A suspension 
of the finely powdered Pd" complex (ca. 1 mmol) was 

suspended in dry carbon tetrachloride (5 cm3) and rapidly 
stirred whilst a small excess of chlorine was slowly bubbled in. 
The mixture was stirred for 30 min, the product filtered off, 
and dried in vucuo. Yields are generally > 80%. The complexes 
[Pd(L-L)Br,] were prepared similarly using a small excess of 
bromine. 

Thermgravimetric results for [Pd(L-L)ClJ. The required 
value refers to loss of C12 and the temperature ("C) is that at 
which reductive elimination is complete. [Pd(Me2PCH2CH2- 
PMe2)C14] [Found: 18.2, requires 17.8%, at 150 (&5)], [Pd(Ph2- 
PCH2CH2PPh2)C14] [Found : 12.0, requires 1 1 .O%, at 1 15 
(&-5)], ~ ~ ( O - C ~ H ~ ( A S M ~ ~ ) ~ } C ~ ~ ]  [Found: 12.0, requires 13.3%, 
at 145 (*I)], and [Pd(Ph2AsCH2CH2AsPh2)C14] [Found: 10.5, 
requires 9.7%, at 110 (&5)]. 

Complexes Pd(L-L)2C14 [L-L = Me2PCH2CH2PMe2 or 
o-C,&(PMe2)2] and Pd(L-L-L)Cd [L-L-L = PPh( CH2- 
CH2PPh2)2].-These complexes were prepared analogously 

Recovery of the ligund from [Pd{PPh(CH2CH2PPh2)2)- 
CI3]CI. The complex [Pd{PPh(CH2CH2PPh2)2}C13]C1 was 
suspended in distilled water and SO2 passed through for 10 
min and the mixture stirred for 2 h. A ten-fold molar excess of 
NaCN was added and the mixture stirred for 4 h. Dichloro- 
methane was added and the organic layer separated and dried 
over Na2S04. Filtration and rotary evaporation to dryness 
gave a cream solid. The i.r. showed a weak v(P'0) band at 
1 177 cm-l and the mass spectrum was generally consistent 
with PP h( CH2 CH2PPh2)2 [PPh( CH2 CH2PPh2)2 + (5 8), 

Ph3P+ (57), PPh2+ (65), and C12HsP+ (Sl)] but also showed a 
small amount of phosphine oxide [PPh(CH2CH2PPh2)20 + 

[Pd(L-L)2C12][C104]2 [L-L = Me2PCH2CH2PMe2, 0-C6H4- 
(PMe2)2, o - C ~ H ~ ( A S M ~ ~ ) ~ ,  or o-C6H4(PMe2)(AsMe2)].-The 
palladium@) complex Pd(L-L)2C12 (0.5 mmol) was stirred 
with a mixture of concentrated nitric acid and concentrated 
hydrochloric acid (5 cm3, 10 : 1 v/v) at 0 "C for 10 min. The 
contents were then treated with concentrated (70%) perchloric 
acid (40 cm3) at 0 "C (CAUTION: explosion hazard). The pal- 
ladium(rv) complex precipitated, was filtered off, rinsed with 
dilute perchloricacid(cu. 5%), and dried in vucuo. Yield cu. 60%. 

(CAUTION: No explosions were experienced in this work, 
but perchlorate complexes of high oxidation state metals are 
often explosive, and due care should be taken.) 

The complexes [Pd(L-L)2Br2][C104]2 were prepared simil- 
arly using Pd(L-L)2Br2, concentrated HN03, and a trace of 
concentrated HBr. 

to [Pd(L-L)Cl,]. 

Ph2PCH2CH2PPhCH2CH2 + (loo), Ph2PCH2CH2PPh+ (50), 

(111:~ 

X-Ray Crystal Structure Analysis.-Both crystals studied 
were examined photographically, using Weissenberg and 
precession methods, before being transferred to a Nonius 
CAD4 diffractometer. Accurate cell dimensions were obtained 
from 25 accurately centred reflections and data were collected 
with graphite monochromated Mo-K, radiation (h = 0.7107 
A). Air-stable crystals of [Pd(bipy)CI4] were obtained by slow 
diffusion of C12 gas into a solution of [Pd(bipy)C12] in dichloro- 
methane over a period of ca. one week. Air-stable crystals of 
[P~(O-C~H~(ASM~~)~}~C~~][C~O~]~ were prepared by treating 
[P~{O-C~H~(ASM~~)~}~C~~] with concentrated HN03-HC1 (4 : 1 
v/v) followed by addition of a small volume of concentrated 
(60%) HClO4 and cooling in a refrigerator. Needle crystals 
formed readily which were cleaved to a suitable length for 
X-ray work. 

Crystal data. ( i )  [Pd(bipy)Cl,]. CloH&14N2Pd, M = 404.4, 
Monoclinic, a = 12.241(5), 6 = 6.720(2), c = 8.120(9) A, 

(flotation) = 2.03(2) g cm-j, F(O00) = 392, p(Mo-K,) = 
p = 104.37(5)", U = 647.0 A3, D, = 2.075, 2 = 2, D ,  
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Table 5. Fractional atomic co-ordinates ( x  lo4) for [Pd(bipy)CI,] 
excluding hydrogen atoms 

Xla 
0 

165( 1) 

1550(1) 
- 1  182(1) 

- 1  526(1) 
- 38(4) 

- 622( 5) 
-588(5) 

1028(4) 

44( 10) 
659(6) 

1 191(4) 
1 863(5) 
2 357(5) 
2 193(5) 
1 520(4) 

~ ( 4 )  

Ylb 
1 962(1) 
3 997(2) 

185(2) 
3 740(2) 

271(6) 
3 636(6) 

-47(2) 

- 1 420(8) 
-2 450(9) 
- 1  742(7) 

14(9) 
980(7) 

2 868(7) 
3 877(8) 
5 641(8) 
6 360(8) 
5 330(7) 

Z l C  

0 
2 31 l(2) 
1 042(2) 
1 448(2) 

- 1  552(2) 
-2 096(5) 
-1  086(6) 
- 2 479(7) 
- 3  969(8) 
-5  OOl(13) 
-4 559(7) 
-3 113(6) 
-2 542(7) 
- 3  422(7) 
-2 785(8) 
- 1  285(8) 

-452(7) 

21.29 cm-'. Systematic absences (hkl, none; h01, h + I = 
2n + 1 ;  OkO, none) indicate space group Pn (no. 7) or P2/n 
(no. 15). The non-centrosymmetric space group Pn was 
indicated by the distribution of conventional normalised 
structure factors (E) and confirmed by the subsequent refine- 
ment. 

(ii) [Pd { O - C ~ H ~ ( A S M ~ ~ ) ~ } ~ C I ~ ]  [C104]2. C20H32A~4C140sPd, 
M = 948.4, Triclinic, a = 7.903(3), b = 10.670(3), c = 
10.141(2) A, a = 110.50(2), p = 91.75(3), y = 107.31(3)", 
U = 755.9 A3, D, = 2.083, Z = I ,  D, (flotation) = 2.05(3) g 
cm-', F(OO0) = 462, p(Mo-K,) = 52.9 ern..'. Space group PI 
or PI and the latter centrosymmetric space group confirmed by 
the subsequent analysis. 

Yellow crystals of [Pt{o-C6H4(ASMez)z)2C12][C104]2 were 
prepared by an identical method to [Pd{o-C,H4(AsMe2)z}2Clz]- 
[ClO4lZ. Cell parameters a = 7.971(15), b = 10.136(3), c = 

Data collection andstructure determination. (i) [Pd( bipy)C14]. 
The data were recorded on a room temperature crystal 
(0.20 x 0.20 x ca. 0.2 mm) using three check reflections which 
showed no deterioration during the experiment. After suitable 
averaging 1 417 reflections were obtained (Omin. = 3", €Imx. = 
27") and an empirical scan absorption correction was 
applied to the data. Treating those reflections where o ( F )  > 
2F as ' less-thans ' (34) gave 1 383 reflections that were used 
in the subsequent structure determination and refinement. 
Examination of the distribution of E's suggested a non- 
centrosymmetric space group and the analysis was carried out 
in the space group Pn (equivalent positions x, y,z; x + f, -y ,  
z + +). The Patterson map readily located the palladium atom 
and a sequence of structure factor and electron-density 
syntheses located all the non-hydrogen atoms. Least-squares 
refinement (isotropic atoms) reduced R to 0.06 and intro- 
ducing an empirical weighting scheme, w = l/[02(F) + 
O.OOO4 Fez], and anisotropic atoms for Pd and C1 reduced R 
to 0.0294. A difference electron-density map revealed the 
majority of the hydrogen atoms and these were introduced 
into the model in geometrically calculated positions [d(C-H) = 
1.08 A] and with a common isotropic thermal parameter. 
Final least-squares refinement (anisotropic atoms) gave R = 
0.0234, R' = 0.0233, and a difference electron-density map gave 
all features in the range -0.98 to $0.87 e A-3. The number 
of parameters was 153 and the ratio reflections/parameters = 
9.04. The final refinement was repeated for the other absolute 
configuration and gave R = 0.0246, R' = 0.0247. The 

10.673(4) A, a = 110.41(3), = 107.65(1 l) ,  y = 91.73(9)". 

Table 6. Fractional atomic co-ordinates ( x  lo4) for [Pd- 
{o-C6H4(AsMe2)2}2Clz1 [C104]2 excluding hydrogen atoms 

Xla 
0 

2 505(1) 
I 707(1) 

7 631(3) 
7 013(10) 
6 152(10) 
8 739( 1 1) 
8 621(10) 
2 027( 12) 
3 852(11) 
2 405( 12) 

620( 12) 
4 204(10) 
5 745(10) 
7 007(11) 
6 744( 12) 
5 204(11) 
3 89O( 10) 

. I  295(3) 

Ylh 
0 

869( 1) 
1 942(1) 
1 501(2) 
2 571(2) 
3 205(7) 
1 576(8) 
1818(10) 
3 624(7) 
1 472(10) 
- 390(9) 
I451(10) 
3 374(9) 
2 527(8) 
3 273(9) 
4 396(9) 
4 780(10) 
4 052(9) 
2 925(8) 

Z i c  
0 

2 207(1) 

6 134(2) 
5 272(7) 
6 378(9) 
5 379(8) 
7 453(7) 

-2 681(9) 
- 1  937(9) 

3 729(9) 
3 053(10) 

28 l(8) 

980( 10) 
2 391(11) 
2 736( 10) 
1 695(8) 

- 1  171(1) 

-46 l(2) 

~~ 72(9) 

Hamilton R factor ratio test indicates that the absolute con- 
figuration of the crystal used is as reported. 

(ii) [Pd {o-C6H4(AsMe2)z}2C12][C104]2. A room temperature 
crystal (0.35 x 0.07 x 0.07 mm) was used to record the data. 
No deterioration was observed in the two check reflections but 
the peaks were rather broad with rather weak intensities due 
to the small crystal size. After suitable averaging, 2 106 
reflections were obtained = 1.5"' = 23") and 
omitting reflections where F < 3o(F) left 1 680 reflections 
which were used in the structure determination and refinement. 
An empirical w scan absorption correction was applied to the 
data, The distribution of E's favoured the centrosymmetric 
space group and the structure was solved in Pi by conventional 
heavy-atom methods. Introducing anisotropic Pd, As, and C1 
atoms and isotropic C and 0 reduced R to 0.0535 at which 
stage a difference electron-density synthesis showed all the 
hydrogen atoms in the range 0.78-4.43 e Hydrogen 
atoms were introduced into the model in calculated positions 
[d(C-H) = 1.08 A] with the methyl hydrogen atoms having a 
common thermal parameter and the aromatic protons treated 
similarly. Full-matrix least-squares refinement { 183 para- 
meters, anisotropic non-hydrogen atoms, empirical weights 
w = l/[oz(F) + AFoz], A = O.OOOl} reduced R to a final 
value of 0.0395 (R' = 0.0331). A final difference electron- 
density synthesis showed all features in the range -0.88 to 
+0.80 e A-3. 

Scattering factors for neutral atoms and anomalous dis- 
persion corrections were taken from SHELX40 (Cl, 0, N, 
C, H) and ref. 41 (Pd, As). All calculations were performed 
on an ICL 2970 computer using the programs SHELX,40 
XANADU,42 ORTEPt3 and and various local 
programs. The final atomic positional co-ordinates for [Pd- 
(bipy)Cl,] are in Table 5 and the corresponding details for 
[Pd{o-C6H4(AsMe2)2}zC12][C104]2 are in Table 6. 
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