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ORGANOMETALLJC COMPOUNDS OF TRANSITION METiLS 
CONTAINING PHOSPHINE AND PERCHLOROARYL LIGANDS 

I. PREPARATION AND STUDIES OF COMPOUNDS OF THE TYPE 
CMWCJW(PPh,Ll W = Ni, Pd) 
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Several stable new compounds of transition metals with C&l5 as ligand, 
of the type [MX(C,CI,)(PPh,),] (M = Pd and X = Cl, Br, I, NCS, NCO, N,; 
M = Ni and X = NCS, NCO, N3) are described. Their preparation in some cases 
required in situ reaction of [MX2(PPh&], Mg and C&l,. The action of gas- 
eous HCl and Cl2 on the solutions of these compounds has been examined. 
The IR spectra of the cyanato and thiocyanato complexes indicates coordina- 
tion through the nitrogen atom. 

Introduction 

The stability of organometallic compounds of transition metals increases 
with replacement of hydrogens in the organic groups by halogens. This in- 
crease of stability was attributed by Hyholm [l] to the greater electronegativity 
of the halogenated group. Although many organometallic compounds w&h 
perfluoro groups have been described, there are very few containing perchloro 
groups 12-51, The preparation of new organometallic compounds with per- 
chlorophenyl groups would enable us to compare their behaviour with that of 
analogous perfluoro derivatives. Since similar electronegativities have been 
attributed to pentachlorophenyl and pentafluorophenyl groups [ 63, the same 
degree of stability can be expected for compounds of the same type containing 
either one or the other ligand; even greater stability for the chloro compounds 

could be expected in view of the shorter bond length for Ni-C&ls relative to 
Ni-&F,, found in the compound [Ni(C,F,)(C&l,)(PPhzMe)z] [7]_ 

New compounds of the type [MX(C,Cl,)(PPh,)J (M = Pd; X = Cl, Br, I, 
NCS, NCO, N,; M = Ni; X = NCS, NCO, N3) are described below. ._ 



.: 
:: Q

J 

,I
 

/’ 

‘T
A

D
L

&
 1

 

A
N

A
L

Y
T

IC
A

L
 

D
A

T
A

 
_-

- 
_.

._
.. 

- 
. .

 . 
. .

 .
 . 

--
- 

#I
 . 

I.,
. . .

 . . ..
I. 

I-
 .

.I.
“.

._
...

 
- .

 . . .
 _ .

 ...
-.

..”
 _,
-.

 _.
_.

__
__

._
“.

__
^_

__
,,.

__
._

._
 

Co
m

po
un

d 

_-
_.

_-
- 

P
ou

n
d 

(c
al

ct
l,

) 
(%

I)
 

D
eo

om
po

sl
tl

on
 

__
,_

__
__

l_
-.

.._
“I

...
--

--
.-

.“
_.

.-
”-

--
- 

--
_-

- 
te

m
pe

ro
tu

rc
 

(“
C

) 
C

 
H

 
C

l 
B

r 
or

 N
 

N
l 

or
 P

d 
..)

. c
--1

_.
 

._
,w

...
 a w

...
_.

...
. .,.
...

_ .
 . . .

._
...

 I_
...

. _ ..
_,

 .,.
 .,.

...
 _.
_.

._
_.

_.
_.

__
._

._
__

,_
__

__
__

__
,_

__
_,

 
__

_ 
’ 

-*
1-

--
_-

--
_ 

[N
lc

~
(0

6c
~

5)
(P

P
t~

n)
21

U
 

G
8,

G
 

23
.8

 

(G
8,

07
) 

C
K

S
, 

(2
4.

60
) 

24
0-

25
0 

[N
la

r(
C

6C
15

)(
P

l’h
J)

2]
” 

66
,2

 
,2

&
 

3,
2 

19
.9

 

(6
6,

24
) 

(3
,3

1)
 

23
0.

23
6 

(1
9.

42
) 

&
) 

[N
lI

(C
6C

ls
j(

pp
h

J)
21

”,
 

G
2J

-l
 

(E
3)

 
18

.7
 

(E
e,

 
6,

O
 

(6
2,

iV
i)

 
(1

8.
47

) 
20

0~
21

0 

[N
I(

N
C

S
)(

C
6C

l5
)(

pP
h

J)
21

 
67

,4
 

3-
6 

(9
.1

2)
 

20
.1

 
6.

4 
(G

7,
96

) 
(3

,4
0)

 
(1

9.
90

) 
22

0.
i2

6 
(:

::7
) 

[N
i(

N
C

C
)(

C
~

C
ls

)(
~

‘P
1~

~
)2

1 
M

I,
7 

W
G

9)
 

3,
7 

20
.0

 
1.

6 
(6

8,
‘3

7)
 

(3
,4

G
) 

(2
0.

24
) 

23
0.

23
11

 
(1

.6
0)

 

[N
~

N
I(

C
~

C
IS

)(
P

~
‘~

~
)~

~
 

68
s 

3,
4 

,::
;1

, 
20

.2
 

I,
9 

(6
7,

64
) 

(3
.4

6)
 

(2
0.

24
) 

19
6.

20
6 

(4
,S

l)
 

[P
dC

~
(C

6C
l#

P
P

h
&

l 

&
 

54
,a

 
23

.0
 

(G
G

,O
O

) 
,::

:2
, 

11
,3

 
(2

3.
22

) 
28

0-
29

0 

[P
dB

ti
C

&
)(

P
~

h
3)

21
 

63
,O

 
(l

lJ
32

) 
la

.2
 

a.
7 

&
 

11
,2

 

%
‘?

 
(1

3.
44

) 
28

0.
28

6 
W

32
) 

[P
dl

(C
&

15
W

’P
h

J)
2I

 
w

ao
) 

17
.4

 
(e

o:
lo

) 
g1

, 
10

,l 
27

b2
80

 
(1

7.
00

) 

[p
d(

N
C

s)
(C

(,
C

ls
)(

pp
l1

3)
21

 
84

,4
 

(1
0*

33
) 

13
.8

 
,::

“,
2,

 
11

,2
 

(G
6,

02
) 

(1
8.

90
) 

19
 6

-2
00

 
,::

“,
,, 

[P
d(

N
C

C
)(

C
bC

lS
)(

P
P

lr
3)

zl
 

67
,O

 
3,

4 
(1

1,
34

) 
19

.1
 

1.
6 

11
,3

 
(G

6,
96

) 
(3

.2
3)

 
(1

9.
22

) 
24

6_
26

0 
(1

.6
2)

 

[P
dN

J(
C

6C
IS

)(
~

ph
j)

21
 

B
4,

3 
3,

3 
(1

1.
64

) 
19

.0
 

4,
4 

Il
.3

 
(6

4,
M

) 
(3

,2
3)

 
(1

9.
21

) 
23

5.
24

0 
(4

.G
6)

 
(1

X
.6

3)
 

l~
_~

““
.._

l_
_-

.~
-.

“_
._

-.
.I

..-
..-

._
_.

_-
,-

.-
~

_-
- 

.,-
...

-.
-_

-_
.-

_-
__

__
__

. 

a 
C

om
po

u
n

ds
 

pr
ev

io
u

sl
y 

rc
po

rt
et

l 
[f

i]
. 





110 

(pPh&] kd to decomposition, possibIy with formation of silver complexes 
containing triphenylphosphine ligapds. 

hzfi-ared spectra 
All the bands reported [S] for coordinated triphenylphosphiue appear in 

the infrared spectra of the compounds prepared_ The bands due to coordinated 
pentachlorophenyl, assigned in a previous paper 19-J at 1225-1230 cm-’ (v,), 
1312-1318 and 1322-1328 (both Y,,), 1280-1290 cm-’ (v6) and 665-670 cm-’ 
(one of the components of the vl, vibration), are also observed. The other 
component of this latter mode is not observed because it overlaps with the “u” 
vibration of triphenylphosphiue which absorbs at 692 cm-‘. Several weak bands 
appearing in the low energy zone (400-250 cm-‘) are assigned to the M-X 
stretching vibration (Table 2)_ Another weak baud observed iu the 590-575 cm-’ 
zone is assigned to the M--C vibration [ 9]_ No band attributable to the M-P 
vibration is observed, suggesting that this vibration occurs below 250 cm-‘. 

Occasionally the bands appearing at 400-450 cm-’ in the spectra of aual- 
ogous compounds have been assigned to M-P vibrations and have been used 
to determine cis or tmns configurations [lo]. However, this assignment has 
been very controversial since the bands may be equally assigned to triphenyl- 
phosphine vibrations (these bands are also observed in free triphenylphosphiue) 
r=1- 

Recently [12] M-P vibrations have been assigned to bands appearing at 
160-200 cm-’ in compounds of the type [PtX,(PPh&] (cis or trans), further- 
more the intensity of the band at 550 f 5 crnmi has been found to be related to 
the geometry of the compound. The band is strong for c&isomers but weak 
for the trans compounds. The fact that no baud is clearly observed in the spec- 
trz of the compounds studied, Ieads us to propose a tmns configuration for all 
of them. 

Again, Bland and Kemmit 1133, when studying compounds of the type 
WXWPh,M, f ound a relation between the relative intensities of triphenyl- 
phosphine bands at 1586 and 1575 cm-‘, and the geometry of the compound; 
in the cis isomer the first band is more intense whereas in the tmns isomer the 
baud appearing at 1575 cm-’ is more intense. In our compounds the more 

TABLE2 - 

METAL-HALOGEN AND METAL-CARBON INFRARED FREQUENCIES <cm-‘) 

Compounds VW--X) V<M-C) 

CNiCI<C@5)<PPh3)21 360-340 587 

LNiBrfC&ls)(PPh3~1 305 583 

CNiI(C&ls)(pPh321 581 

[NiCNCS)(C6Cls)(PPh321 360 585 

LNiCNCO)<C6CI5)<PPh3)21 400 588 

LNiN3<C&k)(PPh3,ZZl 400 587 

%PdCI(CaCis)(PPh3)21 305 583 

[PdBr<C&k)(PPh&1 250 580 

U’dKC&kWPh3)21 579 

C~d~N~S)<~5~s)(~~h~)21 298 582 

Ipd(NCO)(C6~s)<p~3)21 350 582 

fpdN$C&k)<pPh&l 360 580 
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TABLE 3 

INFRARED FREQUENCIES <cm-l) ARISING FROM PSEUDOHALIDE GROUPS 

Compounds Vl@,) U2(6 ) 

[Ni(NCS)(C6Cls)(PPh3)21 850 0 
[Pd(NCS)<C6C1s)(PPh3)zl 830 (1 
[Ni<NCO)(C6~s)(PPh3)~1 1345 605 
[Pd(NCO)(C,c1s)(PPh3)1_3 b 598 
CNiN~(C6Ck)(PPh&1 1345 570 
[PdN;<C&l5)(PPh3)~1 1340 

a Overlapped with PPh3 bands. b Overlapped with C&5 bands. 

V3<Q) 

2075 
2050 
2220 
2215 
2055 
2040 

intense band occurs at 1575 cm-‘, thus agreeing 66th the proposed tram con- 
figuration 

When the complexes contain thiocyanate, cyanate or azide, the bands due 
to these anions also appear in the spectra (Table 3). The position of these bands 
indicates coordination of thiocyanate and cyanate through the nitrogen in all 
cases [ 141. 

Chemical reactivity 
In order to examine the stability of the M-C bond in these compounds 

and study the possibility of formation of hexacoordinated compounds of MIV, 
the action of gaseous HCl and Cl, on the solutions of these compounds was 
studied. 

(a). Action of HCZ. The products resulting from treatment of the solutions 
of [MX(C&l,)(PPh3),] in chloroform with gaseous HCl at room temperature 
for 6 h are shown in Table 4. A high stability of the M-C&Is bond is indicated 
by the results since in no case does replacement of the C&l5 group occur. This 
stability can be related to that found for analogous compounds with aryl 
groups having ortho substituents, which reduce the possibility of attack on the 
metal [ 21. An enhanced tendency for replacement of the group tram to C&l5 
is also observed for the palladium complexes. This behaviour in the case of the 
complexes containing thiocyanate may be explained in terms of a central atom- 

TABLE 4 

ACTION OF GASEOUS HYDROGEN CHLORIDE 

starting Product 

CNiBr(C&lS)(PPh&l 
ENiI(C&W(PPh3)21 
CNi(NcS)(C6C1s)(PPh3)~1 
~Nl~l<~&l~)(PPh~)z~ 
CNiCl(C&lSXPPh3)~3 
[Pd’=<C&ks)(PPh$tl i- CPdBr<C&15)(PPh3)23 
tPdI<C5C1~)(PPh3)21 i- tPdCI(C6Cl,)(PPh3)21= 
[Pd~(C&ts)(PPh3)tl 
CPdCI(C&I&PPh3)21 
CPdcl(C&k)(PPh3)zl 

o A Sti amount of [PdCl(C&lS)<PPh3)2] was detected. 
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tkiocyanate bond through the nitrogen of the latter, rather than through sul- 
phur as normally occurs in palladium compounds. Coordination through 
nitrogen in [Pd(NCS)(C&l,)(PPh,),] is probably due to the presence of phos- 
~phine [15]. 

(b). Action of chlorine. The action of chlorine on the solutions of 
IMCf(C,Cl,)(PPh,),I in carbon tetrachloride at room temperature was studied. 
Prolonged action of chlorine in both cases causes decomposition, with forma- 
tion of C,C&, triphenylphosphine, and the corresponding metal halide. How- 
ever the palladium compound shows practically no sign of decomposition 
after passage of chlorine through its solution for 3 h (only a small amount of 
decomposition products is detected), whereas the nickel compound is com- 
pletely decomposed in the same period. 

(c). Action of heat under vucuum. Upon heating of the new compounds 
under reduced pressure (10-‘-10-3 Torr), triphenylphosphine is envolved, and 
compounds with formula [M=X,(C,Cl,),(PPh,),] are obtained, in agreement 
with the results of MacKinnon and West for the analogous nickel compounds 
with X = Cl, Br. The study of these compounds containing two metallic atoms 
will be the subject of another publication. 

Experimental 

fiepcarafive methods 
Preparation of the Grignard reagents and subsequent reactions were car- 

ried out in dry oxygen-free nitrogen. The solvents used were dried over mole- 
cular sieves (4 .%) or over sodium metal. Published methods [ 16,171 were used 
for the preparation of the starting materials [NiX2(PPh3)J (X = Cl, Br, I) and 
[ PdCl,(PPh,)J . 

(a). In situ method 
Preparation of [NiX(C,C15)(PPh3),]. A solution of 5 mmol of [NiXZ- 

(PPh&] (X = Cl, Br, I), 0.24 g of magnesium (10 mmol), 2.8 g of C&l6 
(10 mmol), and 0.3 ml of benzyl chloride, in 20 ml of THF-benzene (l/l) 
was heated under reflex for several hours. The filtered solution was concen- 
trated under reduced pressure, and the solid remaining washed with water to 
remove any magnesium chloride. Excess of C.&l6 was removed by vacuum 
sublimation (12O”C, lo-” Torr). The product was recrystallized from acetone. 
Yield was about 40%. 

Prepamtion of [PdCI(C6C151(PPh&l. This compound was prepared by a 
method similar to that above, but using a larger excess of magnesium and 
hexachlorobenzene relative to [PdC12(PPh3LJ (molar ratio 4/4/l). The yield 
was about 40%. 

(b). With the previous preparation of the Grignard reagent solution 
Several ml of a solution of C,H,MgBr in THF (obtained previously from 

magnesium and C,H,Br) were added to a warm suspension of magnesium 
(0.24 g).and C&l, (2.8 g) in 10 ml of THF. The heating was discontinued when 
all the solution had been added, but the stirring was mantained until the solu- 
tion of C,CI,M$L reached room temperature. 2.4 g of [NiCi2(PPh,),] were 
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then added. After several minutes yellow [NiCI(C,Cl,)(PPh,).] began to crys- 
tallize. The product was filtered, purified and recrystallized as above. 

IN~rW6~5~(PPh3M was prepared using the latter method but starting 
from [NiRrJPPh,),]. The yield in both cases was about 85%. 

(c). From LiC&l, 
4.90 g (7.5 mmol) of [NiCl#Ph,),] were slowly added to 300 ml of a 

solution of LiC&ls (obtained at 0°C from 15 mmol of C&l6 and 15 mmol of 
n-buthyllitium 1181) in ether. After stirring at room temperature for an hour, 
the [NiCl(C&l,)(PPh&] formed was filtered and recrystallized as described 
above. The yield was about 50%. 
Replacement reactions 

The other compounds with formula [MX(C,Cl,)(PPh,),] (M = Ni, Pd; 
X = Br, I, NCS, NCO, N,) were prepared in good yield (90%) by refluxing 
solutions of 5 mmol of [MCI(C,Cl,)(PPh,),] in 100 ml of a benzene-acetone 
mixture, with an excess of the corresponding alkaline salt LiBr, KI, KNCS, 
KNCO, NaN,. (The volume of benzene used was that needed to dissolve the 
starting complex.) The alkaline chloride formed was filtered off, the solution 
was concentrated, and the crystalline compound was filtered off, recrystallized 
from acetone, and dried in vacua. 

Analyses 
C, H, N and halogen determinations were performed at the “Institute de 

Quimica Organica de Barcelona (C.S.I.C)“. Ni and Pd were determined gravi- 
metrically with dimethylglyoxime after destruction of the complexes with 
boiling nitric and sulphuric acids. 

Spectra 
Infrared spectra were recorded on a Beckman IR-BOA spectrophotometer 

purged with dry air. Samples were prepared using the pressed KBr disk technique 
and as Nujol mulls between CsI plates. The spectrophotometer was calibrated 
with a polystyrene film. Frequencies are accurate to i2 cm-‘. 
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