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Absiract. New mickel (II), cobalt (IT), copper (II), cadmium (II), and palladium (I[) complexes of a Schif
base ligand formed by condensation of furoin with S-benzyl-dithiocarbazste [H,FC). These have been
synthesised and ch ized by elemental analysis, magnetic moment, and spectral [IR, Uv-vis and NMR]
measurements. The special data show that the ligand behaves in a bidentate and/or tridentate manner.

Introduction

Metal complexes of dithiocarbazate have recently drawn special aftention due to their
activity against cancer [1,2] tumor, tuberculosis [3], bacteria [4,5], fungus [6] and as
antipyretic [7] agents. The antifungal activity of these compounds is due to the presence
of the toxophorically important (-N-C=S) meicty [8). The dithiocarbazate and its
derivatives arc amongst the widely srudied nitrogen and sulphur donors [9]. The nickel
Il and copper complexation with Schiff bases derived from condensation S-benzyl-
dithiocarbazate with furfural were reported clsewhere [10]. We have previously [11]
investigated the complexes derived from Schiff base (formed by the condensation of S-
benzyldithiocarbazate with benzoin) with transition metal ion. In this work the results of
the synthesis and characterization of cobalt (II), nickel (II), copper (IT), cadmium (II),
and palladivm (I} complexes with S-benzy!-p-N-[furfuryl, furfuryl hydroxymethyl]
methylene dithiocarbazate are described. The structure of the ligand is shown below:
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S-benzy!-ﬁ-N-[ﬁlrﬁuyl, furfuryl hydroxymethyl} methylene dithiocarbazate
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Experimental
All the chemicals used in the present investigation were of A.R. Grade.

Preparation of {H,FC]

The hydrazine-S-benzyldithiocarbazate was synthesized according to the authors
reported in literatuze [12]. The Schiff base was prepared by heating equimolar amount of
the furoin (19.2 g, 0.1 mol) and the ester {20 g, 0.1 mol) in 300 mL absolute cthanol in
the presence of a few drops of glacial acetic acid under reflux for 2 hours. It was then
evaporated to about 100 mL at a temperature 100°C and left overnight to form the
shining yellow crystals which were separated from absolute ethanol and their m.p, has
found to be 114°C.

Preparation of complexes

Using EtOH (80%) solution of the hydrated metal (IT} salts, all complexes were
prepared by mixing equimolar amounts of [H,FC] and the metal salt, the mixture was
boiled at a temperature 100°C under reflux for 1-2 hours. The resulting solid complexes
appearing after evaporation to 50%, were filtered, washed with EtOH followed by Et,0.
The complexes were finally dried in vacuum over anhydrous CaCl,. All measurements
were carried out as described in an  earlier publication [13]). Molecular weight
measurements were made by using Rast’s method with camphor as a solvent.

Results and Discussion

Table 1 shows an analytical and physical data for complexes derived from H,FC.
Figure 1 shows the "HNMR spectrum of the ligand [H,FC] in chloroform, It is observed
that the signals at 12.17, 7.37, 4.58 and 1.67 ppm relative to TMS, correspondmng to the
hydroxyl (OH), phenyl, methylene (-CH2-Ph-), and methine (-CH-) protons
tespectively [14]. The signals due to furan rings protons observed at 6.65, 7.61 and 7.76
ppm. In the "CNMR spectram (Fig. 2) five signals are observed at § 149.42, 145.02,
95.3, 52.9 and 39.69 whick attributed to the (C=8), (C=N), (CH-0), (C-N) and (CH,-$)
groups respectively. Also, three signals are observed at § 78.43, 77.14 and 75.85
corresponding to (C-0) and chloroform.

The principle IR bands of [H,FC] and its metal complexes are listed in Table !,
The absence of band around 2570 em™ which would be indicative of SH [15], indicate
that in the solid state the molecule remains in the thione form.
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Fig. 1. "H NMR spectra of the ligand in chloroform,

77.14
75.85

78.43

39.69

(=]
i)
w
o

o
&~
wn

W‘-erﬂ‘-l"’*ﬁl‘*W%!’ i W‘J"‘W %”ﬁ‘\&“»‘«"’\‘ sl

Flg. 2. “C NMR spectra of the ligand in chloroform.

The Schiff base [H,FC] acts as a tridentate ligand coordinating the meta! ion via
the f-mitrogen, thioketo sulphur and oxygen of the hydroxyl group (structure 2,3) as
evident from IR spectral data. This behavior is tound in Ni[HFC],, Ni[HFCAc,



193

Synthesis and Characterization ol Metal .

- - 6Ly b - - L6 08zl 9951 - {o4HIPD
- - L8 €95 - - 196 741 99¢1 - O'HZ 2¥[D4HIND
- L8g 1ip 6E5 - - 986 €21 1£51 - OFHT*v[D4Hleo
- 1LE-8%€ Ly oS - - 686 0€T1 0L51 - oy DdHIN
TRI-6EL iLe Sik £5% - - 056 6221 9961 - 12[04H1P4
- 501 1204 - 069 991 1001 - 9651 66T€ 2alp
- 99¢ iy §9% 1£9 9991 0001 - 6951 - O'H 241D
- 68¢ iy ¥ - - 686 0£71 151 - TadHIN
- - - - - - Irs 6FZ1 £851 DOEE 24"
(N=D
1l (s (v (ome (5. -g)n (NN (s=DR (N=D)0 (HO punoduory

saxa|dwod i 33 Pt [J47H] Jo mIwp [rapaeds Y -7 AqEL



194 Mahmoud A.S. Monsh

Co[HFC]Ac.2H,0 and PA{HFC]CI complexes and supported by the following
observation : the disappearance of v((OH} observed in the free ligand at (3300 cm’')
[16], clearly indicates the loss the proton from OH on coordination and formation of a
new bond between metal and oxygen. The v(C=N) shifted to lower wave number, while
the w(N-N) shifted to higher wave number, this lowering in (C=N} stretching mod on
complexation may tentatively be atiributed to lowering of the C=N bond order as a result
of M-N bond formation [17]. The shilt of v(C=8) towards the lower frequency region
may be taken as an indication of coordination by the thiokeio sulphur. The e-nitrogen
atom is not bonded with metal as v(NH) band (3136 cm™') of free ligand does not suffer
any shifting in the complexes.
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Structure 3

M=Co?*,NiZ,Ni* andPd**
Z=Ac orCl" X=H,OforCo®*

On the other hand, the [H,FC] may acts as a binegative tridentate ligand
coordinating via azomethine nitrogen, deprotonated (OH’) and the CS in thiol form with
displacement of a hydrogen atom from the latter group (structure 4). This behavior is
found in Cu[FC]H’Q complex and evidence by the following observation : the
disappearance of v(OH), the ¥(C=N} shift to lower wave number and the disappearance

{C=S) obscrved in the free ligand at (1249 and 755 cm™) with appearance of new bands
at 1660 and 631 cm™ assignable to v(S-C=N) and v(C-8), respectively.
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Structure 4
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In addition, the [H,FC] acts as mononegative bidentate ligand via azomethine
nitrogen and deprotonated (OH) group (structure 4,5). This bebavior is found
Cu[HFCJAc.2H,0 and CA[HEC], complexes which were prepared from their acetate
salts. This confirmed by IR spectra which shows the disappearance of v(OH') band, the
shift of W({C=N) to lower wavenumber and the two characteristic bands for v(C=8)
remain at the same position indicate that the sulphur atom does not participate in
coordination.
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Structure 5 Structure 6 Structure 7

Also, the ligand may act as a mononegative bidentate via azommethine nitrogen
and the C=5 in thiol form with lost hydrogen proton from the latter group (structure 7).
This behavior is found in CA[HFC], complex and supported by the following
observation the vOH') appear at v(3299 cm) as that of the free tigand, the w{C=N) shift
to lower frequency and the disappearance of v(C=S) with appearance of new bands at
1616 and 690 cov’ assignable to v(S-C=5) and v(C-N) respectively, this indicate the
coordination by the thiol sulphur. Also, the observation of new bands in the regions 565-
539, 487-464, 409-366 and 329 cm’ attributed to v[M-0] [18, ] v[M-N][19], v[M-S]
[18], v[M-C1] [20}, respectively.

Magnetic and Spectral Studies

The electronic spectrum of CofHFClAc.2H,0 shows two bands at 15105 and
26737 em’! which are referred to “T), = ‘T, (F} v, and *T,, — *T,, (P) v, transition [20],
tespectively. The calculated values of (Dq = 816 cm', B=1401 cm’!, v, = 6939 cm™,
f=1.44 and v/v, = 2.17) lie in the range reported for an octahedral structure. The

magnetic moment (4.9 BM) can be taken as additional evidence for an octahedral
configuration.

The electronic spectrum in {DMF) of Ni{HFC], shows two bands at 15060 and
25641 cm’ attributable to A; - 'T,, (F) and ‘A, — °T,, (P) transition [21]
respectively. The calculated values of Dq, B, B, v, and v,/v, are 977 cm!, 758 cm’, 0.72,
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9770 cm’' and 1.54 respectively, indicating an octahedral structure around the NilT jon.
Also, valve of the magnetic moment (3.13 BM) is additional evidence for an octahedral
structure.

The electronic spectrum of the diamagnetic NifHFC]Ac exhibits two band at 20325
and 26455 cm’' assignable to ‘A, = 'A, and 'A,, = 'B,, transition in a square-planar
geometry.

The electronic spectrum of the Cu[FC].H,0 complex show a broad band centred at
18315 cm™ is due to combination of transition °B,, — “E, and “B,, — *A  in a square-
planar configuration [22]. The band centred at 31446 cm™'is probably due to d-n*
charge transfer. Strong evidence for the planar structure for Cu 11 complex is the value
of the magnetic moment (1.8 BM) which lie within the range reported and implies no
copper-copper interaction.

The magnetic moment value of Cu[HFC)Ac.2H,0 complex is (1.92 BM), lie in the
range of high spin copper II complex having monomeric structure. The electronic
spectrum exhibit a weak intensity band at 11876 cm’'. The position and the shape
indicate distorted octahedral environment [23].

The palladium 11 complex PA[HFC]CI is diamagnetic and electronic spectrum of
this complex show broad band at 27027 cm’ assigned to 'A,, — 'B, transition, which
suggest square-planar geometry for this complex.

Conclusion

1) The molecule remains in the thion form in the solid state.

2) The present Schiff base acts as a tridentate ligand coordinating the metai ion via
B-nitrogen, thioketon sulphur and oxygen of the hydroxyl group.

3} The [H,FC] may act as a binegative tridentate ligand coordinating through
azomethine nitrogen, deprotonated (OH) and the CS in thiol form.

4) Also, the [H,FC] may act as mononegative bidentate coordinating through
azomethine nitrogen and deprotonated (OH) or through azomethine nitrogen
and CS in thiol form.

5) Magnetic and electronic spectra reveal that the complexes of this ligand can
exist in either octahedral geometry as for Co®, Ni** or in square-planar as for
Ni*', Cu® and Pd*.
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