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ABSTRACT

Selenium metal react with di-pyridyl disulfide (Py,S;) in refluxing toluene to
give the compound [Se(Spy)s] through oxidative addition reaction. Multinuclear
complexes of the general formula [Se(Spy)s(MCl,),] and [Se(Spy)s(MCl,)s] were
prepared by a direct reaction of CoCl,.6H,0, NiCl,.6H,0 or CuCl,.4H,0 with the
selenium compounds. Adducts of trinuclear complexes with 1,10-phenanthroline
were also prepared and having the general formula [Se(Spy)«(MCl,),(Phen),]. The
prepared complexes and their adducts were characterized by their metal analysis,
IR and UV/Vis spectroscopy, conductivity and magnetic measurements,
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INTRODUCTION

Complexes of both main group and transition metals with sulphur-donor
ligands are a subject of current interest, but also for the presence of of the
biochemical significance of such species [1-3].

The electrochemical oxidation of a metal into a non-aqueous solution of a
thiol or disulfide is a convinient and direct route to the neutgal thiolato complexes
of such elements as zinc, cadmium, mercury [4], tin [5], gallium, indium and
thallium [6].

The oxidative-addition reaction of di-2-pyridyldisulfide with tin(II) halide
was studied by Masaki and Mutsunami and found to give dihalo bis(2-pyridine
thiolato) tin(IV) [7]. The direct reaction between indium or tin metal with
(C¢Hs),E,, where E= S or Se to give the neutral compound [In(E(C¢Hs)s] or
[Sn(EC¢Hs)s] had been studied [8]. In our recent articles, we had described the
direct reaction between tin and bismuth with (RC¢H,S),, where R=0-NH,, p-Me, p-
Bu', in refluxing toluene to give the corresponding bismuth and tin compounds,
[Bi(SCsH4R);] and [Sn(SC¢H4R)4] respectively [9, 10].

In view of these interesting results and as a continuation of our
comprehensive studies on transition and non-transition metal complexes with
sulfur containing ligands [11-13], we have prepared multinuclear complexes
through adduct’s formation with selenium compound [Se(PyS),] which was
prepared by oxidative addition of di-2-pyridy! disulfide also represented the
preparation of some adducts with 1,10-phenanthroline.

EXPERIMENTAL
General
IR spectra were recorded on Perkin-Elmer 580B IR spectrophotometer in the
(4000-200 cm’™") range using Nujol mulls or CsI discs. The metal content was
estimated spectrophotometrically using Shimadzu AA 670. Conductivity
measurements were made on 10°M solution of the complexes in dimethyl
sulfoxide (DMSO) solvent at ambient temperature using conductivity meter model
4070 Jenway. Electronic spectra were recorded on Shimadzu UV/Vis.
Spectrophotometer UV-160 for 10M solution of complexes in DMSO using 1em
quartz cell. The magnetic measurements were carried out at 25°C on the solid state
by Faradays method using Bruker BM6 instrument.

Materials ‘
The compound [Se(PyS);] was prepared according to a literature method
[12]. The metal chlorides were used as supplied by Fluka.

Preparation of [Se(Spy)s(MCl,);] complexes, M=Co, Ni, Cu

A clear solution of [Se(Spy)s] (1 mmol) in methanol (10cm®) was added to a
solution of CoClL.6H,0, NiCl,.6H,0 or CuCl,.4H,0 (2 mmol) in distil water
(10cm?®). The mixture was stirred under reflux for Ca 2h., the precipitate formed,
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was filtered off washed with methanol, water and diethyl ether then dried under
vacuum for several hours.

Preparation of [Se(Spy)s(MCL)4] complexes
These complexes were prepared using similar procedure as above except
using (4mmol) of metal salts. .

Preparation of [Se(Spy)4(l\’IClz)2(Phen)2] adducts

The complex [Se(Spy)s(MCly),] in (10cm®) dimethyl formamide was added
to a solutlon of the ligand 1,10-phenanthroline (0.36g, 0.02mol) in methanol
(10cm?). The mixture was stirred with gentle heat for ca. 2h., during which time a
precipitate started to deposit. This was cooled to room temperature and the solid
filtered off, washed with methanol then dried under vacuum for several hours.

RESULTS AND DISCUSSION
The direct reaction of the ligand di-2-pyridyldisulfide with selenium metal in
refluxing toluene using a 1:2 metal to ligand molar ratio afforded the compound
[Se(PyS)4] through an oxidative addition reaction [12]. Treatment of the selenium
compound in alcohol with an aqueous solution of metal(Il) chloride in (1:2) and

- (1:4) molar ratio gave the tri and pentanuclear complexes of the type
" [Se(Spy)s(MCl,),] n =2 or 4. The nucleophilicity of the thiolate sulfur atom in the

selenium compound is responsible for the formation of these new complexes.
The physical properties of the complexes are listed in Table (1). The
complexes are quite stable in dry air and melt or decompose at above 200°C. They

are insoluble in most organic solvents but soluble in DMSO.

The most important IR assignment of the selenium compound and

' complexes are listed in Table 2. The most important band which appeared at

1580cm™ due to v(C=N) stretching of the free disulfide is shifted either to hlgher
field (1595cm’™) or lower field (1560cm 'Y in the prepared complexes. This is
usually indicates that C=N group is involved in the coordination with metal atom
through nitrogen of the pyridine ring [4]. The bands appeared at 450-500cm™ are
tentatively assigned to v(M-N) M=Co, Ni, Cu, indicating that nitrogen atom is
involvement in the coordination with the metal [15].

The v(C-S) band was observed at 1062cm™ in the free ligand which upon
coordination with metals was found to shift either to upper or lower frequency
values (Table 2) .Further support for the formation of new complexes is Prowded
by the appearance of a new band within the 360-380 or 400 cm™ range

characterlstxc of the bidentate tetrathio selenium complexes«< ) < >M [16] and are

tentatively attributed to U(M-S), M=Se, Co, Ni or Cu [13]. Furthermore, the IR
spectra of the multinuclear complexes showed another band within the 325-290
cm”’ range which may be are v(M-Cl) [16].
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4.1 B.M. respectively. The electronic spectrum (Table 2) of Co(II) complexes
shows a broad band at 16400-17000cm™ due to*A, — *T\P (v3) transmon due to
spin orbit coupling [17] similar to those reported for [CoCls]? and [Col,]?
suggesting a tetrahedral geometry for Co(II) complexes.

The Ni(II) complexes (No 3 and 6) show a magneti¢c moment of 3.80 and
3.87 B.M. these values agree well with a higher-spin configration and indicates the
presence of tetrahedral enviroment [18]. The electronic spectra of Ni(II) complexes
show a band at 13000-14400 cm™ which correspond to the transition
3Ti(F) = Ti(P) (vs) in tetrahedral enviroment.

The Cu(ll) complexes (No 4 and 7) shows a magnetic moment
1.90 and 1.98 B.M. the electronic spectrum showed bands at 13300-15797 cm
which correspond to the transition ?B;g — 2A,g and after transition at 28000 cm’’
correspond to charge transfer respectively. This shows that the Cu(Il) complexes
have tetrahedral geometry [19].

The electronic spectra of the isolated adduct (8-10) with 1,10-phenanthroline
recorded in DMSO are listed in Table (2). The Co(Il) complex (8) shows the
presence of two bands in the region 17600 and 21230 cm™ are assigned to
‘A.g = *Tig (F)(vs) and  *Ajg — *T g (P)(v,) transitions respectively. This shows
that the positions of the electronic spectral bands have changed from tetrahedral to
octahedral enviroment [20]. The Ni(Il) complex (9) shows the presence of three
bands in the region 11230-26230 cm’ which are assigned to
*Asg - *Tig (P)(13), *Asg — *Tig (F)(v2) and *Asg — *Tyg (F)(v) transition
respectively. This show that the structure have an octahedral enviroment.

The Cu(ll) complex (10) shows the presence of the bands at 14300, 16000

and 27600 cm™ which may assigned to zmg —> 2A1g, 2Blg - szg and
’B,g — ’Eg transitions respectively. This shows that the Cu(Il) complex have
distroted octahedral geometry.
The molar conductiveties of 10°M solution of the complexes and their
adducts indicates that all complexes and adducts are non electrolyte in DMSO [21].
The magnetic moment data of these adducts calculated from the corrected
magnetic susceptibilities determined at room temperature are given in Table (1).
On the basis of spectral, magnetic and other studies the following structures

could be assigned to the metal complexes and adducts as in Fig.1.
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Fig. 1: Suggested structure of the prepared complexes and adducts
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