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Summary

New stable complexes [NiX(C¢Cls)(dpe)] (X = NO;, CH3CO0, CsClsO; dpe =
1,2-bis(diphenylphosphino)ethane) and [NiL(C¢Cls)(dpe)]ClO, (L = pyridine,
imidazole, 3,5-dimethylpyrazole, a-, 8- and y-picoline) have been prepared from
[Ni(ClO,;)(C¢Cls)(dpe)]. Their IR and PMR spectra are described and discussed
The compound [NiCl(C¢Cls)(bipy)] has been prepared from C¢ClsMgCl and
[NiCl,(bipy)]- New complexes of silver(I) of the type [Ag(dpe)]X (X = NOs,
CH,COO, and Cl0,) have been obtained from the action of an excess of AgX on
[NiCl(CsCls)(dpe)l.

Introduction

Organometallic compounds of transition metals containing perchlorate groups
are useful synthetic intermediates because of the poor coordinating ability of the
ClO, group, which can be readily replaced by other anionic or neutral ligands.

In the latter case cationic complexes are formed in which the ClO,; group func-
tions as the anion [2].

From [Ni(ClO,)(C¢Cls)(dpe)] the preparations of the new nickel cationic
complexes [NiL(CsCl5)(dpe)]ClO, (L = imidazole (Im), 3,5-dimethylpyrazole
(3,5-(CHs),pyr), pyridine (Py), a-, $- and y-picoline (pic) and of neutral com-
plexes with formula [NiX(CsCls)}{(dpe)] (X = NO;, CH3COO, and CcCl;0) are
described in this paper.

The three neutral complexes could not be made by the addition of the ap-

* For part 111 see ref. 1. .
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propriate alkali metal salt to acetone solutions of [NlCl(CGCls)(dpe)] {3] or by
the action of silver salts of the appropriate anion. In the latter case this is be-
cause of decomposition of the organonickel compounds and formation of sil-
ver(I) complexes of the formula [Ag(dpe)]X.

Results and discussion

Preparation and properties

A solution of [Ni(ClO4)(CsCls)(dpe)] was prepared by addmg the stoichio-
metric quantity of AgClQ, to an acetone solution of [NiCl(C4sCl;s)(dpe)] and
filtering off the AgCl, but it could not be isolated as a solid; concentration of
the solution in vacuo gave the compound [Ni(dpe),1(ClO,). described by Hud-
son et al. [4]. However from the acetone solutions of [Ni(ClO,)(C.Cls)(dpe)] it
was possible to isolate the cationic complexes [NiL(C,Cl;5)(dpe)]ClO, (L = imid-
azole, 3,5-dimethylpyrazole, pyridine, and «-, 3-, or y-picoline).

[Ni(ClO4)(CsCls)(dpe)] + L - [NiIL(CsCls)(dpe)]ClO,

The addition of alkali metal salts of the anions NO5 , CH;COO™, and C,CisO
to acetone solutions of [Ni(ClO;)(CsCls)(dpe)] leads to the formation of the
new compounds [NiX(CsCls)(dpe)] (X = NO3, CH3;COO, and C¢Cl;0).

Only the stoichiometric amount of AgClO, is used in the preparation of the
solution of [Ni(ClO,4)(CsCls)(dpe)], since an excess of the salt causes the break-
down of [NiCl(CsCls)(dpe)] with formation of [ Ag(dpe)]ClO,. The same type
of reaction occurs on adding an excess of AgNO; or AgCH ;00 to acetone
solutions of [NiCl(CsCls;)(dpe)l; the products in this case are [ Ag(dpe)]NO; and
[Ag(dpe)]CH,COO.

These silver(I) complexes, not previously reported are more easily prepared
by mixing equimolar amounts of the appropriate salts and diphosphine (dpe)
in warm ethanol. The perchlorate and nitrate salts show molar conductivities in
nitrobenzene of 22.0 and 20.2 ohm™' em? mol™!, respectively. The low solubil-
ity of the acetate in the ordinary organic solvents precludes the determination
of its A. The IR spectra of these substances show bands due to the acetate anion
at 1555s, 1405s, 920m, 650m and 610m cm™'; those of perchlorate at 1030—
1170vs (br), 920m and 620s cm™?; and those of nitrate at 1380vs and 820w cm™

No nickel compound containing two C4Cls groups has been obtained despite
numerous attempts {5]. Addition of ether solutions of C¢Cl;Li or THF solutions
of CsClsMgCl to acetone solutions of [Ni(ClO,)(C¢Cls)(dpe)] gave only [NiCl-
(C6Cl;s)(dpe)]- Similarly, the action of THF solutions of CsClsMgCl on [NiCl,-
{bipy)] does not give the disubstituted derivative, but instead, [NiCl(C4Cl;)-
(bipy)]. These results are in agreement with the ortho effect exhibited by the
compounds containing the C,Cl; group [6]. The existence of [Pd(C.Cl:).(bipy)]
is attributed by Rausch et al. [7] to the larger covalent radius of Pd compared
with that of Ni. '

All the new organometallic compounds prepared are air-stable as solids and in
solution. They are readily soluble in chloroform, carbon tetrachloride and ben-
zene, and scarcely soluble in ethanol, ether, and hexane. Analyses and decom-
position temperatures are given in Table 1.

Values of the molar.conductivity in acetone at 25°C correspond to non-elec-
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TABLE 1
ANALYTICAL DATA

Compound Found (caled.) (%) Decompo-
sition tem-~
C H Cl N Ni peratures
o)
{NiPy(CgCl5)(dpe)IClO4 ¢ 50.2 3.3 24.0 1.7 6.5 232—235
(50.23) (3.30) (24.04) (1.58) (6.6)
[Nilm(CgCls)(dpe)IC10,4 48.1 3.3 24.3 3.2 6.7 234—236
(48.11) (3.23) (24.34) (3.21) 6.7)
[Ni[3,5-(CH3)2pyrl(CgTls5)(dpe)IC104 49.3 3.61 23.6 3.4 6.4 231—234
(49.27) (3.57) (23.59) (3.11) (6.51)
[Ni(a-pic)(CgCls){(dpe)1C10,4 50.4 3.4 23.5 1.4 6.5 170—175
(30.77) (3.47) (23.66) (1.55) (6.52)
[Ni(§-pic)(CgCls)(dpe)JC10g 51.6 3.7 23.3 1.3 6.4 217—218
(50.77) (3.47) (23.66) (1.55) 6.52)
[Ni(y-pic)(CgCls)(dpe)1C104 50.8 3.4 23.2 1.8 6.4 223—225
(50.77) (3.47) (23.66) (1.55) . (6.52)
[Ni(NO3)(CgCls)(dpe)] 50.1 3.2 23.0 1.6 - 1.6 224—227
(50.03) (3.15) (23.08) (1.82) (7.64)
[Ni(CH3C0O0)(CgCls)(dpe)] 51.1 3.3 23.3 — 7.6 229—232
(53.36) (3.55) (23.16) (7.64)
[Ni(CgCl50X(CeCls)(dpe)] 470 2.5 36.7 — 6.1 188—192
(46.47) (2.49) (36.49) (6.04)
[NiCl(CgCls5)(bipy)] 38.2 1.6 42,5 5.1 11.7 178—180

(38.45) (1.61) (42.56) (5:60) (11.74)

Gpy= pyridine, Im = imidazole, pyr = pyrazole, pic = picoline.

trolytes for the neutral compounds (A =2 5 ohm™! cm? mol™!), and to AB-type
electrolytes for the cationic complexes (A = 150 ohm~! em? mol™!). Magnetic
measurements show diamagnetic behaviour, indicating square-planar geometry.

IR spectra

The IR spectra of the new compounds show the bands due to the dpe ligand
{81 and coordinated pentachlorophenyl [9]. Further bands are observed in the
IR spectra of the neutral [NiX(CsCls)(dpe)] complexes at 1480s, 1290s, 1010w
and 800w cm™! for X = NO;; at 1370m and 1720m cm™! for X = CH;COO:; at
1530s, 1400vs, 1360m, 995m and 770s cm~! for X = C¢ClsO. The bands due to
the Cl10,” ion are observed in the cationic complexes at 1090vs(br) (vs), 620m
(v4) and 930w (v;) cm~'. The bands due to the ligand L are listed in Table 2.

PMR spectra

PMR spectra of the cationic complexes exhibit the signals indicated in Table
2. The triplet which in dpe is centered at 7 7.9 ppm [10], disappears because of
the loss of free rotation upon coordination; the four aliphatic protons and the
two phosphorus atoms form an AA'BB’XY system and, accordingly, only a
slight shift of the base line is observed in the region between 7 6.5 and 8.5 ppm.

The spectrum of [Ni[3,5-(CHj;),pyrl(CsCls)(dpe)1ClO, shows two singlets at
7 7.78 and 8.32 ppm. The latter exhibits a strong diamagnetic shift with respect
to the only signal in the spectrum of free 3,5-dimethylpyrazole (7 7.79 ppm).
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TABLE 2 .
INFRARED FREQUENCIES (cm™!) OF THE LIGAND L, AND PMR SPE"TRA OF [NlL(CsCls)(dpe ]-
C104 (in CDCl3)
IR . PRM (7(ppm)) -
[NiPy(CgCls)Ndpe)IClO4 ¢ 1600s, 1440s, 1.30 (2H)q, 2.28 (H)y
: 1210s 2,49, 2.74 (CgHjs)

{NiIm(CgCls)(dpe)ICI04

[Ni[3,5-(CH3)2pyr I (C6Cls)dpe)ICIO4 4

[Ni(a-pic)(CeCls)(dpe)IClO,4
[Ni(B-pic){(CxCls)(dpe)ICI0gq

[Ni(y-pic)(CgCls){dpe)lClO,

1545w, 1500w,
845w

1580m, 1345w,
800w

1605s, 1570m,
805w, 495w
1605m, 1020w,
810m

1615s, 1500m,
1205m, 820s,
500w

2.35, 2.50 (CgHs). 2.80 (Hy)
308 (Hs5) ¢

2.46, 2.56 (CgHs). 4-32 (H),
7.78 (CH3) 8.32 (CH3) €
2.45, 2.65 (CgHs). 7.26
«wcHz '

2.45, 2.56 {C¢Hs). 794
: U

2.45, 2.70 {CgH5), 7.70
(CH3)

2 See footnote ® Table 1. 2 T(2H)g overlapped with CgHs resonance.

nance. 4 In DMSO. € See text. [ T(4H) overlapped with CgHgs resonance.

€ 7(H,) overlapped with CgHs reso-

Upon coordination of the latter restriction of rotation due to steric hindrance
raises the possibility of the existence of two isomers; the methyl group lies op-
osite to a phenyl group of the phosphine in one isomer but not in the other.
Since the signal appearing at 7 8.32 ppm corresponds to a methyl group exhib-
iting significant diamagnetic behaviour the isomer obtained appears to be of the

first type.

Experimental

The solution of CsClsMgCl was prepared under oxygen-free nitrogen. [ NiCl-

(CeCls)(dpe)] and [NiCl;(bipy)] were prepared by published methods {3,11].

Preparation of the acetone solution of [Ni(ClO)(CsCls)(dpe)]
Silver perchlorate (0.20 g ) was added to [NiCl(C4Cls)(dpe)] {(0.74 g) in ace-
tone (100 ml) at room temperature and the AgCl formed was filtered off.

Preparation of [NiX(CsCls)(dpe)] (X = NO3;, CH;COO and C¢CIs0)

The compounds were prepared by adding a slight excess of the alkali metal
salt (KNO;, KCH;COO or NaC;Cl;0) to the solution of [Ni(ClO,)}(CsCls)(dpe)].
The mixture was kept at room temperature for two hours and the KClO, formed
was filtered off. The solution was concentrated in vacuo and the solid which
formed was filtered off, recrystallized from chloroform/ethanol (3/1), and dried
under vacuum. The yield was about 60%.

Preparation of [NiL( CGCIS)(dpe)]ClO4 (L = pyridine, imidazole, 3,5-dimethyl-

pyrazole, a-, - and vy-picoline) .
The compounds were obtained in good yields (75%) by refluxing 100 ml of an

acetone solution of [Ni(ClO,)(CsCls)(dpe)] with a slight excess of the appropri-



269

.ate org@ic base for an hour. The solution was concentrated under reduced pres-
sure and the solid obtained was recrystallized from chloroform/ethanol (3 : 1)
and dried in vacuo.

Preparation of [NiCI(C.Cls)(bipy)]

‘A solution of C4ClsMgCl, prepared from Mg (0.36 g), C¢Cls (4.2 g), THF
(15 ml) (vrith C,HsMgBr as initiator) was added to 2.84 g of [NiCl,(bipy)]. The
yellow solid was filtered off, washed with water, recrystallized from chloro-
form/ethanol (3 : 1) and dried in vacuo. The yield was about 70%.

Preparation of [Ag(dpe)]X (X = NOi3, CH;COO and ClO)

The compounds were prepared by adding a solution of dpe (1 mmol) in hot
ethanol to a solution of the appropriate silver salt (1 mmol) in 20 ml of ethanol/
water (1 : 1). The mixture was stirred for 15 min and then cooled. The solid
was washed with water and ethanol, and dried in vacuo. The yields were about
90%.

Anal. Found: C, 50.7; H, 4.0; Ag, 18.1; m.p. 234—235°C (decomp.). Cs¢H,,-
AgClO4P; caled.: C, 51.55; H, 3.99; Ag, 17.80%.

Anal. Found: C,55.0; H,4.2; N, 2.7; Ag, 19.4;: m.p. 272—275°C (decomp.).
Co6H,4AgNO3P; caled.: C, 54.95; H, 4.25; N, 2.46; Ag, 18.99%.

Anal. Found: C, 58.7; H, 4.8; Ag, 19.8; m.p. 262—263°C (decomp.). C,sH, -
AgO.,P, caled.: C, 59.49; H, 4.81; Ag, 19.08%.

Analyses

C, H and N determinations were carried out at the “Instituto de Quimica
Organica de Barcelona (C.S.I.C)”. Halogens were determined by Schoéinger’s
method. Nickel was determined gravimetrically and silver volumetrically after
destruction of the complexes with a boiling nitric acid/sulfuric acid mixture.

Spectra

Infrared spectra were recorded on a Beckman IR 20A spectrophotometer.
Samples were examined as pressed KBr dicks and as Nujol mulls between CsI
plates. PRM spectra were recorded on a Perkin—Elmer R-12A at 60 MHz. TMS
was used as internal standard.
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