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ABSTRACT

Cadmium(ll) complexes of the types [CACI,(LH)] (LH= benz-1,3-imidazoline -2-thione , benz-
1,3-oxazoline-2-thione or benz-1,3-thiazoline-2-thione ), have been prepared by the reaction of [HgCl,]
with one mole proportion of the ligands LH. Reaction of [Cd(OAc),] with two mole proportion of LH in
the presence Et,N gave complexes of the type [CdL,]. Treatment of [CdL ] with two mole proportion of
PPh_ or one mole proportion of the diphosphine Ph,P(CH,)nPPh, (n=1-4 ) gave tetrahedral complexes
of the type [CdL,(PPh,),], [CdL,(u-diphos)], (n=1) or [CdL(diphos)] n=2 - 4 receptivity . The
prepared complexes were characterized by elemental analysis, i.r., 'H, *C-{'H} and 3'P-{'H} n.m.r.

data.
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INTRODUCTION

It is well that cadmium is a highly toxic
metal and a potent carcinogen. However, its
mechanism of action still unclear'. Thiolate
complexes are of great importance from a
bioinorganic point of view, mainly due to the
presence of thiolate donors in the coordination
sphere of many metal ions in very diverse
metalloproteins?®. Heterocyclic thione are among
the ligand system used to mimic bio-relevant metal
- sulfur interaction*?. Chemical interest of thione lies
in the fact that they are potentially ambidentate or
multi- functional donors with exocyclic S and
heterocyclic N available for coordination, their

biological interest arises from their structural
analogy to thiolated nucleosides*®.

Cadmium (Il) halides form 1:1 and 1:2
complexes with neutral heterocyclic thione ligands®
2, It was reported previously®'"'® that the reaction
of ( LH); LH= benz-1,3-imidazoline -2-thione, benz-
1,3-oxazoline -2-thione or benz-1,3-thiazoline -2-
thione with [CdCI,] gave complexes of the type
[CdX,(LH)], [12], the heterocyclic thione ( LH)
behaves as a monodentate ligand coordinated
through sulfur atoms while the halogen ligand was
coordinated to cadmium(ll) ions as bidentate
bridging and monodentate.
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However heterocyclic thiones form linear
complexes of the type [ML,] ( L = deprotonated
thione ligands )[5, 10 - 12]. Mixed ligand complexes
of heterocyclic thiones have been reported for
several metal ions such as silver and rhodium?¢,
while mixed ligands heterocyclic thiones(LH) and
phosphines have been reported for several metal
ions such as mercury, silver and rhodium'-2,
complexes with cadmium seem unexplored®.

In the present work, we report the
preparation of cadmium (ll) complexes containing
mixed ligand of heterocyclic thione (LH) fig. 1 (I)
and diphosphines or triphenyl phosphine.

EXPERIMENTAL

General

The '"H- and *C- n.m.r spectra were
recorded on Varian unity 500 and Gemini 2000
spectrometers respectively with CDCI, as solvent
and Me,Si as internal reference. *'P-{"H} n.m.r
spectra were recorded on Gemini 200 spectrometer
with CDCI, as solvent and H,PO,(85%) as external
reference. The n.m.r. spectra were determined at
the Institute fur Anorganische chemie, Martin —
Lurther-univasitat Halle- Witten-berg, Germany. L.r.
spectra were recorded on a Shimadzu FT.IR. 8400
spectrometer in the 200 — 4000 cm™ range using
Csl discs. Elemental analysis were carried out on a
CHN analyzer type 1106 (Carlo-Erba). Melting
points were measured on an electro thermal 9300
melting point apparatus.

Starting materials

The compounds [CdX,] (X= ClI , OAc) ,
PPh,, dppm, dppe, dppp, dppb, benz-1,3-
imidazoline -2-thione, benz-1,3-oxazoline -2-thione
and benz-1,3-thiazoline -2-thione were commercial
products and were used as supplied,
[Cd(bztzS),](3), [Cd(bzimSH),](4), [Cd(bzoxS),] (5),
were prepared according literature methods [12, ].

Preparation of complexes
[CdCI(bztzSH)] (1)

A solution of bztzSH (0.137g, 0.82mmol)
in EtOH (10cm?®) was added to a solution of [CdCL,]
(0.15g, 0.82mmol) in EtOH(10cm?). The mixture was
stirred at room temperature for 2h. The yellow solid
thus formed was filtered off washed with EtOH,

AL-JANABI & OTHMAN, Orient. J. Chem., Vol. 27(4), 1563-1571 (2011)

dried under vacuum and recrystallized from Me,CO
( yield 90%). The following complexes
[CdCl,(bzimSH,)](2), [CdCl,(bzoxSH)](3), were
prepared and isolated by a similar method.

[Cd (bztzS),] (4)

A solution of dppm (0.19g, 1.125mmol) in
EtOH (15cm?) was added to solution of [Cd(oAc),]
(0.15g , 0.563mmol) in EtOH(10cm?) in the present
Et,N (1.12g, 1.125mmole ) The mixture was stirred
at room temperature for 2h. The solid formed was
filtered off washed with EtOH, CHCI,, dried under
vacuum and recrystallized from Me,CO ( yield 90%)
. The following complexes [Cd(bzimSH),](5),
[Cd(bzoxS),](6) were prepared and isolated by a
similar method .

[Cd(bztzS),(u-dppm)],(7)

A solution of dppm (0.087g ,0.225mmol)
in CHCI,(10cm?®) was added to a hot solution of
[Cd(bztzS),](4) (0.1g, 0.225mmol) in EtOH (15¢cm?®).
The mixture was stirred at room temperature for
2h. The yellow solid thus formed was filtered off
washed with EtOH, dried under vacuum and
recrystallized from CHCI( yield 82%). The following
complexes [Cd(bztzS),dppe] (8), [Cd(bztzS),dppp]
(9), [Cd(bztzS),dppb] (10) were prepared and
isolated by a similar method.

[Cd(bzimSH),(u-dppm)],(12)

A solution of dppm (0.093g ,0.243mmol)
in CHCI,(10cm?®) was added to a warm solution of
[Cd(bzimSH),](5)(0.1g, 0.243mmol) in EtOH
(15cm?®). The mixture was stirred at room
temperature for 1.5h. The white solid thus formed
was filtered off washed with EtOH, dried under
vacuum and recrystallized from CHCI( yield 79%).
The following complexes [Cd(bzimSH),dppe](13),
[Cd(bzimSH),dppp](14), [Cd(bzimSH),dppb] (15)
were prepared and isolated by a similar method.

[Cd(bzoxS),(u-dppm)],(17)

A solution of dppm (0.093g ,0.242mmol)
in CHCI,(10cm?®) was added to a hot solution of
[Cd(bzoxS),](4) (0.1g, 0.242mmol) in EtOH (15¢cm®).
The mixture was stirred at room temperature for
1h. The white solid thus formed was filtered off
washed with EtOH, dried under vacuum and
recrystallized from CHCI( yield 78%). The following
complexes [Cd(bzoxS),dppe] (18),
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[Cd(bzoxS),dppp] (19), [Cd(bzoxS),dppb] (20) were
prepared and isolated by a similar method.

[Cd(bztzS),(PPh,),] (11)

A solution of PPh, (0.21g , 0.450mmol) in
EtOH (10cm?®) was added to a warm solution of
[Cd(bztzS),](4) (0.1g, 0.225mmol) in EtOH(10cm?).
The mixture was stirred at room temperature for
1h. The yellow solid thus formed was filtered off
washed with EtOH, dried under vacuum and
recrystallized from CHCI, ( yield 90%). The following
complexes [Cd(bzimSH),(PPh,),](16), [Cd(bzoxS),
(PPh,),l(21) were prepared and isolated by a similar
method .

RESULTS AND DISCUSSION

Synthesis of complexes

Mercapto-1,3-azole ligand ( | ) exist as two
toutomeric conformations exhibiting thiol — thione
isomers involving (-N=C-SH) and (-NH-C=S) group
in the thiol — thione equilibrium. On deprotonation
the resulting anions can also have thiol — thione
isomerism (ll) with negative charge is either on the
thiol sulfur atom or the amide nitrogen atom.

Reaction of [CdCI,] with heterocyclic
thione ligands in ethanol solution (1 :1) molar ratio
gave tetrahedral complexes of the type [CdX,(LH)],
[12]. The halogen was coordinated as a bidentate
bridging and monodentate to cadmium (ll) ions ,
while the heterocyclic thione ( LH) behaves as
monodentate ligand coordinated via sulfur atoms
to cadmium(ll) ion.

The deprotonated complexes of the type
[CdL,] were readily precipitated by reaction of
[Cd(OAc),] with two mole proportion of LH in the
presence Et,N as a base. The thionate were
coordinated as bidentate ligands to cadmium
through sulfur atom of thiol group and nitrogen atom
of the amide group [22].

Treatment of the cadmium(ll) complexes
of the type [CdL,](4), (5),(6) [12] with one mole
proportion of the diphosphines Ph,P(CH,) PPh, (n
= 1-4 ) or two mole proportion of PPh, gave
tetrahedral complexes of the [CdL,(u-Ph,
PCH,PPh,)]1, (7),(12),(17) or the [CdL,(Ph,P
(CH,),PPh,)], n=2-4 (8),(9),(10),(13), (14),(15),(18),
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(19),(20) or the [CdL,(PPh,),], (11),(16),(21). The
anionic thionato ligands are coordinated as
monodentate ligands, via sulfur atoms to
cadmium(ll) ion, while Ph,(CH,) PPh, ( n=2-4) were
coordinated as bidentate chelates, but Ph,CH,PPh,
behaves as a bidentate bridging ligand, PPh,
coordinated as monodentate ligands.

Characterization of complexes

The prepared complexes were identified
by elements analysis, i.r. spectra and some of them
by 3'P-{'H}, 'H and ®C-{'"H} n.m.r. spectra and their
data are listed in Tables 1-3.

Nuclear magnetic resonance

The 3P -{'H}, 'H and "*C-{'"H} n.m.r. data
of some the prepared complexes are given in Table
3.The?'P-{'H} n.m.r. spectra of complexes [CdL,(u—
dppm)] { L=bztzS(7) and bzimSH(12)}, showed a
singlet for each at 6P= 25.97 and 9.85 p.p.m
respectively suggestion a single product. The
positive values of the dP indicate that dppm behaves
as a bidentate bridging®*?*. This has been supported
by '"Hn.m.r. spectra of complexes (7) and (12) which
showed a singlet at 6H= 2.8 and 2.78 p.p.m
respectively for the methylene group of the bridging
dppm?®. On the bases of the above n.m.r. data and
other identification data given in tables 1 and 2, the
structure shown in Fig. 4 has been suggested

Reaction of [CdL,] complexes one mole
proportion of the Ph,(CH,) PPh, ( n=2-4) gave a
mononuclear chelate — diphosphines complexes of
the types [CdL,(Ph,P(CH,) PPh,)], (n=2-4) (10),
(13), (15), (18) and (19). The *'P-{"H} n.m.r. spectra
of complexes (10), (13), (15), (18) and (19). given
a singlet each ( table 3) indicating the presence of
single chelated isomer for each. These conclusions
have been supported by 'H and '*C-{'"H} n.m.r. data
are shown in tables 3. On the basis of these data
and other identification data given in Tables 1 & 2
the tetrahedral structures shown in Fig. 5 have been
suggested for these complexes.

Infrared spectra

The infrared spectra of compounds (1) —
(21) recorded in the 4000 — 250 cm™* range showed
the usual four thionamide bands required by the
presence of the heterocyclic thione ligands. The
shifts observed for these bands due to coordination
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(0 = (L)~

X=NH,S,O0 X=NH,S,0O X=NH,S,0
(L) (II)
LH=bzimSH,, X=NH ; bzoxSH X=0 ; bztzZSH X=S.

Fig. 1: The structure of thione ligands (LH)

_<

LH=bzimSH,, X=NH ; bzoxSH X=0 ; bztzZSH X=S.

Fig. 2: The structure formula of the complexes[CdL,(LH)],

N\ N
LA LI

LH=bzimSH-, X=NH ; bzoxS" X=0 ; bztzS" X=S.

Fig. 3: The structure formula of the complexes[CdL,]

///////,,,/ Phgp Ph\g \\\\\\
"Cd\ cd
X /
Oi S Pth\ /PPh2 \S—<
N |C_|> X
2

LH=bzimSH,, X=NH ; bzoxSH X=0 ; bztzZSH X=8

Fig. 4: The structure formula of the complexes[CdL (p—dppm)],
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D)

LH=bzimSH,, X=NH ; bzoxSH X=0 ; bztzSH X=S8.
(A) [CdL(dppe)] (B) [CdL,(dppp)] (C) [CdL,(dppb)] (D) [CdL,(PPh;) ]

Fig. 5: The structure formula of the complexes

in comparison with the uncoordinated ligands with
the lack of the v (SH) bands at ca 2500-2600 cm-',
singlet the exclusive S- coordination mode of thione
ligands. The ligand bzoxSH showed v (COC),, and
v(COC),,, at 1080 and 820 cm™' respectively. These
bands were unaffected on complex formation’s.

Moreover the spectra of compounds under
investigation contain v (Cd-S) stretching vibrations
observed in the 270 — 280 cm range [23] and v (P-
C) streaching vibrations observed in the 490 —505

cm™' range [24] singlet the coordination of
phosphines ligands
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