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Summary

The reduction of nickel(31) halides with Nabitly in evhanol
has been studied in the presence of various tertiaov phosphines
and arsines, Complexes of the type XNila have heca isolated
in this way when X = CL Br, Land L= Plhy, & sPhy, ho reac-
tion being observed wien L= PEry, PBuy and MhpP(CIH,)PPh,.

The reaction of XNilg with CO gas at room temperature
produces peizacoardinute carbonyi complexes XNI{CO) 2 e
when L is triphenylphosphine, The lack of crability prevents
the isolation of similar complexes when Ls wiphenylarsine,

Scructural dats ebtained by ir. spectroscopy and suscep-
tibility measurements as weil as chemical behavicur of the
sitiew complexes are degcribed,

Introduction

We were interested in jsolating nickel(l) complexes in
arder to use thern inaddiiions with Brfl(CeF 53, nsa method
for obtaining halo{penulluerophenyDinickel(11) cumplc.\'eﬁ(”.

The first mckel{l} complexes were p‘..'sg.-:rcd(?') by boiling
[(r-allyINIX]; in norboraene in the peesence of wriphenyl-
phosphine. The method presents several disadvantages such
as the low vield and the necessity of isolating rhe intermediate
weallyl devivarive.

A new shapler way was baerly described™ nulking use
of the reduction of nickel(11) halides with NaBH, in the

presence of triphenyiphospnine.

* To whont all carrespondence should be directed,

Here we report the results obtained in reactions with
various ligands such as triphenyiphosphine
tricthylphosphine, tributylphosphine, 1,2 bis-diphenyintos-
phineethane and triphenylarsin: and the hehavioue of ¥Niby
coniplexes it suosctutions with CO.

We have also extended our study to substitutions of XNiLy
and XNI(CO), Ly complexes. here deseribed, with 1,2 bis-
diplienylphosphineethane as v.ell as substitutions of X by
several anions,

The results of these reactions will be published in a forth-
comiing paper.

Resules and Discussion
Pre parations

When a freshly prepared so'ution of NaBli, in ethanol is
dded to ethanol solutions of hydraied nickel(1D halides
cotraining triphenylphosphine or triphenylarsine in an exuce
BI1: Ni: [ 1:2. 6 moiar ratic, the initially green or reddish
solutions turn red (PPhs) or yeliow [AsPhy) with simulraneous
precipitation of a crystaliine solid. "The analytical composition
of these sofids agrees with that expected fur the rickel(l)
ramplexes (1- 63 formulated in Tahie 1. No change was
obscrved when the ligatds added wern wicthylphosphine,
eribucylphosplhine or an equimelss mixtuee of 1,2 bis-dipheayl
phosphinecthane with any or< of the mention=d tertiary
phosphines and arsine.

So, in accordance with the following equariom
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table 1. Physical properties and analytical dara for nickel{1} complexes

New Tetra and Pentacoordinate Nickel (1 Complexes i21

Compl=x Colour ) M.p. Found (Caicd. )%
Dec %) C H X Ni o
1 CINi(ETha)3 red 160 73.25 5.9 4.1 7.0
(73.5) (5.1) { 4.0} 6.7
3 BrNi(PPha)a red 147 717 4.9 8.5 5.7
: (70.1) (4.8) ( 8.6 (6.3)
3 INi(EPI3); red 150 66.4 4.75 . 13.0 6.0
- (66,5} (4.6) (13.08) (6.0)
& CINi(Askhg)y yellow 124 63.3 4.1 a1 5.7
(64.0, (4.4) ( 3.5) (5.8)
5 BrNIKAsPh3a); yeliow 130 61,2 4.1 7.3 53
(6.3 (4.25) ( 7.0} (5.55)
6 INHAsPh3) 5 yellow 160 58.3 4.2 11.3 4.8
(58.7) (4.1} (11.5) (5.3)
7 CINI(CO)o{PPha), pale green 155 67.6 5.1 5.0 8.5
. (67.6) (4.4} ( 5.3) (8.7}
2 BrNHCO)(I'Phj3), fuzen 159 64,1 4.2 11.2 8.4
{63.4) (4.2) (1L (8.2)
¢ INi{CO)2(PPh3)y red 179 60.8 4.0 16.1 7.45
: (59.5) (3.9} . {16.6) (7.7}

ANiX,y + 2NaBH, + 121 —— 4XNiLy + BaHg + 2NaX + 2HX

sodium borohydride reduces nickel(ll} to the tetracoordinate

nickel(l} complexes XNil.y, where X = Cl, Br, l and L = PPh,,

ASE’h3 .

All the complexes (1—-6) arc stable under nitrogen at

room temperature in the solid state. They decompose in the

" 2ir, becoming green. Thé dec mpdsition is alMost instintan-
eous in chioroform with dispr.. portionation to give green
solutions containing nickel{!(}, the free ligand and a grey
insoluble residue.

Passage of CO gas at room remperature through suspens--
ions of complexes (1--3) in ethanol produces a weakening
of the initial red as crysialline complexes {79} respectively
precipitate. The analytical composition of these compounds
corresponds to the stoichiometries formulated 17 Table 1,

The carbonyl cormplexes (7—9) are stable at room tem-
perature in the solid state and they are unchanged by air for
long periods. They are soluble in organic solverss such as
chloroform and benzene but their solutions evolve CO and
frnmediately, turning green, so that recrystaltization is not
possible.

The same reactions with complexes (4—6) give pale yellow
crystalline solids which rapidly decompose on filtration,
thus preventing the isolstion of similar wwiphenylarsine car-

vonyl derivatives, The green solid residue obtained in all cases

does not contain CO.

Table 2. Maguetic and i.r. for nickel{I) complexcs

Complex gt 10% sepy,  wNE-X) H(C=O)
(B.M) (em™h fem™hH

1 CINi(PPRy) 4 1726 2.0 95

2 BeNi(PPhg)y 1892 2.1 -

3 INI{PPh4) 1693 2, .

+ CiNi(AsPha); 2085 -

5 BiNigAsPh;), 1561 -

G INI(ASPhy), 1760 -

7 CINKCO) ,(PPh 20438

i D 335 1
BIeNI(CO),(0Pha)y 1704
Tz

- 1996—1930

M
—-H SRS W NS

Probably, decomposition takes place in the same way as
with the triphenylphosphine complexes whose lack of solu-
bility in ethanol prevents their decomposition, In accordanee
with the eyuation:

XNi(PPLs)y + 2 CO — XNI{CO),(PPhy), + PPh;

the reactions with CO produce not only substitution of
triphenylphosphine but also increase in coordination number
from four to five. This behaviour agrees with the known
tendcncy(q) of metal atoms to expand their coerdination
sphere by introduction of €O.

Magnetic Momants

The room temperature magnetic suscepribilities of the
complexes are shown in Table 2, Magnetic moments are of
the magnicude expected for mononuclear nickel(l) com-
plexes containing an unpaired electron,

Lr. Spectra

The i.r, spectra of all the compleacs show the character
istic vibrations of the triphenylphosphint‘(s) ar triphenyl-
arsine®®) ligands, The weak absorption band tocated at
295 em™! in complex (1) can be assigned o the #(N-CI)
stretching vibration. This abserbtion is not observed in com-
plex (4) probably because it is overlapped by a much more
intense absorption due to an internal vibrution of the ligand.
Complex (7) shows an intense absueption at 335 em™ which
must be assigned undoubtedly to the #(Ni—Cly stretching
vibration. Absorptions due to p(Ni—X), when X = Br aud 1,
must lic below 250 em™! as they are not observed i our
spectra.

It is theoretically possible to postulate several square
pyramidal or tiigonal bipyramidal structures for the carbonyl
r-nrnplr’\'e‘c (Z=U).hut [5‘..1}‘ all musishow (wo p{CEQY ab-

G
4 i.\lu,u;lwrnl TS5F =1

sorprions whichever be the symmetry gronp,



The three isolated complexes (7--9) show twe abserption
bands at 1996 and 1930 em™! which are independent of the
nature of the halogen, so that it is not possible to distinguish
between the various structures,

Experimental

Physical measurements

The Lr. spectra were recorded between 4000—-250 cm™*

on a1 Perkin-Eimer spectrophotometer in KBr pellets. The

room temperature magnetic susceptibilities were measured

by the Gouy methed using HgCo(SCN)q as calibrant and
by correcting for diamagnetism with the appropriate Pascal
CONSTANtS,

Analyser

C. H analyses were made with a Perkin-Elmer 240 micro-
analyzer. Nickel was determined with dimethylglyoxime.
Halogen was determined as described by White(®),

Preparation of XNil.y complexes

An ethanolic (35 cm?) solution of NaBH, (3 mmol) was
added dropwise to un ethanolic solution (30 em®) containing
the nickel(11) halide {6 mmaol) and the llg(md (18 mmol), The
solurion was stirced for 2h at room tcmp{.mturc and the
crystatiine precipitate formed was filtered and repeatedly
wishb~ ! with ethanol under nitrogen, Yield 50-60%.

The eactions with tricthylphosphine, wibutylphosphine
and 1,2 bis-dighenyiphosphineethane gave unchanged
nickeid ) complexes, XaNil.,.

@ Vorlug Choie, Gmbil, D-0940 Weinheim, 1977
Preparation of XNi(COJ);La complexes

Carbon monoxide gas was bubbled through a suspension
of each complex (1-3) in cthanol stirred at room tempera-
ture for Lh. The colour of the solid in suspension changes to
give, finally, a erystalline precipitate which is filtered off and
repeatedly washed with ethanol under nitrogen.
The reaction can be carried out also in benzene in which
the initial complexes and the carbonyl derivatives formed =
are soluble. Partial evaporation of the benzene and the ad- . =
dition of hexane gives crystals of compiexes (7—9).
The same reaction of complexes (4—6) in ethanol gives
yellow crystalline precipitates which decompose rapidly in
the solid on filtration, preserving their isolation. The reaction
cannot be made in beuzene as these carbonyl complexes
decompose immediately in solution.
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