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Twelve new complexes of Cu(Il), Ni(II), Co(II) and Cd(II) with 5-phenyl, 5-p-tolyl and S5-amino-
thioacetimide-azo-8-hydroxyquinoline have been synthesized. The ligands act as bidentate
(NO) chelating agents forming the bis-chelate complexes. Analytical, conductivity, spectral and
thermal data are consistent with six coordinated structure in the case of Cu(Il), Ni(Il), Co(II)
and four coordinate structure in the case of the analogues Cd(II). It is identified that the metal
chelates possess enhanca:d antibacterial and antifungal activities relative to the free ligands.

[n general, metal ions bind to 8-hydroxyquinoline containing ligand through quino-
linol moiety, where the bonding sites are the quinoline ring-nitrogen and the
phenolic oxygen atoms!~3. It has recently been reported that some drugs have
increased activity when administered as metal complexes, and more so as metal
chelates* ~8. Furthermore oxine and its analogues have been established to act as
antibacterial, antifungal and antiprotozoal agents by complexing with some metal
ions®. :

So, it is thought that complexes of ligands containing 8-hydroxyquinoline-5-azo
derivatives are worth studying. In this context, the coordination chemistry and bio-
logical activity of the chelates Cu(II), Ni(II), Co(II), Cd(II)-8-hydroxyquinoline-5-azo
derivatives are aimed to be investigated. The ligands used are 5-phenyl-, 5-(p-tolyl-,
and S-aminothioacetimide-azo-8-hydroxyquinoline (L, — L, respectively).

EXPERIMENTAL

Solvents used in this study were of a.r. grade. All other materials were of g.r. grade. The IR
spectra were recorded on a Perkin Elmer 599 B spectrophotometer as KBr discs. UV-visible
spectra were recorded on a CECIL 599 spectrophotometer using 1 cm matched silica cells.
Conductivity measurements were carried out using an LF Digi conductance bridge and an
immersion cell at room temperature (& 25°C).

Azo-8-hydroxyquinoline d:rivatives under investigation were synthesized from reagent grade
chemicals by the mesthod given before!®. The azo-8-hydroxyquinoline used has the following
structure:
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N=N—R

=
X

R=CHs, L,=p-CH, phenyl L,=aminothioacetimide L,

" General Method for Synthesis of the Complexes

A solution of metal(II) chloride (1 mmol) in absolute ethanol (40 ml) was mixed with a solution
of the appropriate ligand (2 mmol) in absolute ethanol (50 ml) and heated on a water bath for
30 min. The reaction mixture was cooled slowly and the solid product formed was filtered,
washed several times with ethanol and dried in a desiccator over P,O,.

Biological Screening

The biological activity of the ligands and their metal chelates were studied by the usual cup-plate
agar diffusion technique!1*12. Solutions (1-0 wt. %) of the compounds prepared in sterile poly-
ethylene glycol were used.

RESULTS AND DISCUSSION

Analytical data (TableI) of the complexes show that they have the composition
[M(H,0),(L),] and [Cd(H,O)LCI], where L = L, — L; and M = Cu(II), Ni(II)
or Co(II). All the chelates are colored and insoluble or very little soluble in water
and common organic solvents. They are, however appreciably soluble in solvents
like DMF, acetonitrile and nitrobenzene.

The molar conductance values of the complexes in nitrobenzene (Table I) indicate
that all the complexes behave as nonelectrolytes!3.

One of azo compound ligands used in this study, namely S-amino-thioacetimide-
-azo-8-hydroxyquinoline (L;) is ambidentate where it can bind to the metal ion as
monobasic bidentate ligand either as NO donor (I), or as NS (II) donor. However,
IR and electronic spectra provide ample evidence in favor of the coordination of the
ligand through the monobasic bidentate mode I, as it is given hereafter.
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Thermogravimetric analysis of some representative compounds reveal an initial
loss of water molecules on heating around 110 + 5°C owing to the dehydration of
the chelates. The observed slow weight loss above 150°C can be ascribed to the loss
of the coordinated water molecules. This weight loss is in accordance with the
elimination of two water molecules in the case of Cu(II), Ni(II), Co(II) chelates
and one water molecule in the case of Cd(II) chelates.

Infrared Spectra

The IR spectra of the ligands and their metal chelates were recorded in the range
4.000—600 cm ™! (Table II). Generally the ligands (L, — L;) display a broad band
in the high wavenumber region due to the stretching vibration of the H bonded OH
group at 3 200—3 350 cm™!. This band disappears in the IR spectra of the resultant
complexes. In all cases a new broad band appeared at higher wavenumber (3 420 to
3490 cm™!'). This behaviour can be likely ascribed to the presence of water mole-
cules in the prepared complexes. The existence of water molecules is further sub-
stantiated from the results of elemental and thermogravimetric analysis. The ap-
pearance of a strong band at ~850 cm™! in the IR spectra of the complexes suggests
the presence of water molecule’* in the complexes as coordinated water.

TaBLE 11
Selected IR spectra bands (cm™ ') of the ligands and their metal chelates

Assignment

Compound _— -
Vou VN=N Ve=N Vo=ph VSH
| 3200 1470 1630 1280 —
Cu(ID-L, 3420 1 460 1 600 1245 —
Ni(ID-L, 3450 1465 1 605 1240 ——
Co(ID)-L, 3490 1 460 1580 1250 —
Cd(ID-L, 3490 1460 1610 1250 —
L, 3350 1470 1 600 1280 —
Cu(ID-L, 3 460 1470 1570 1245 -—
Ni(II)-L, 3460 1470 1 580 1250 —
Co(ID-L, 3450 1460 1580 1240 -
Cd(ID-L, 3470 1460 1 560 1250 —
Ly 3 300 1455 1615 1270 2 600
Cu(ID)-L4 3450 1450 1590 1230 2 600
Ni(II)-L; 3450 1450 1 590 1240 2 600
Co(IT)-L; 3450 1455 1 600 1245 2 6C0
Cd(ID-L4 3450 1450 1605 1250 2 600
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The band due to Vo_phenyr (ref.'®) found at 1280cm™! for L, or L, and at
1270 cm™! for L; is shifted to lower values on complexation. This shift illustrates
the participation of the quinolinol oxygen in the complex formation. The strong
band at 1630cm™" for L;, 1600cm™ ! for L, and 1615cm™! for L, is charac-
teristic of the quinoline ve_y (ref.*®). This band shifts to lower frequency in the
spectra of the complexes. This behaviour reflects a decrease in the bond order due
to its involvement in coordination to the metal ion. So, the disappearance of the
H bonded OH broad band as well as the observed shifts in ve_y and vo_ peny: ON
complexation suggest that the complexes are formed by coordination of the ligands
to the metal ions through the quinolinol moiety where the bonding sites are the
quinoline ring-nitrogen and the phenolic oxygen atoms.

The two bands appearing at 2 600 and 1470 cm™! in the IR-spectra of L, are
assignable to vgy and vy respectively!7'® These two bands were found to be un-
influenced by coordination of this ligand to metal ion. This indicates that the amino-
thioacetamide moiety did not participate in complex formation.

Electronic Spectra

The electronic absorption spectra of the nitrobenzene Cu(II), Ni(II), Co(II)complex
solutions were recorded and the data are given Table III. Generally for all complexes
the two absorption bands 28,500— 32,600 cm™') and (32,200—36,500 cm~ ') which
can be ascribed to n-n* and intraligand transitions within the complexed ligands
L, —L; exhibit lower excitation energies compared to the corresponding ones of
the free ligands. This is reasonably ascribed to the expected easier intramolecular
CT transition within the complexed ligand owing to the positive charge of the co-
ordinated metal ion.

In addition to the above transitions, copper(II) complexes show absorptions
around 15,000— 16,600 cm™' characteristic of distorted octahedral geometry!®.
These transitions may be assigned to the combination 2E,, — >T,,.

Ni(II) and Co(Il) complexes show bands around 13,300 and 16,400 cm~! in the
visible region, respectively. In the case of Ni(II) complexes the observed band at
13,300 cm ™! is assigned to the transition 3A4,, — T, (F) which is suggestive for
octahedral Ni(IT) complexes®°. In the case of the Co(Il) complexes the band that
appeared at 16,500 cm™! is assigned to *T,(F) — *A,, transition. Such transition
is usually found for the distored octahedral Co(II) complexes?®.

The Biological Properties

The bacteriostatic and fungicidal properties of the ligands and their metal chelates
against four bacteria and four fungi are given in Table IV. The ligands material
showed antimicrobial activity against all the bacteria except Bacillus cereus or
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Escherichia coli in case of L, and L,, respectively. But activity against the fungi
used appeared weak. However, transformation of ligands to metal chelates exerted

TaAsBLE III
Electronic spectral data of Cu(II), Ni(II) and Co(II) complexes

Complex viem ™! (g, 1" mol™t em™h)

Cu(I)-L, 15,000(560); 28,600(1 300); 35,000(3 400)
Ni(ID-L, 13,300(210); 29,700(2 300); 35,600(3 600)
Co(ID-L, 16,400(180); 29,700(3 100); 34,000(6 700)
Cu(ID-L, 16,200(260); 30,200(2 000); 34,500(5 200)
Ni(ID-L, 13,300(180); 32,600(3 100); 34,000(3 500)
Co(II)-L, 16,400(430); 28,500(1 200); 36,200(4 500)
Cu(ID)-L, 17,600(360); 29,700(2 300); 33,200(5 000)
Ni(ID-Lj 13,300(280); 29,500(2 400); 35,100(7 100)
Co(IN)-L; 16,400(250); 31,600(1 800); 36,500(8 200)

TABLE IV

Biological screening of compounds L; —L; and their metal complexes (inhibition zones in mm)

Bacteria
— e Fungi

Compound Gram +ve Gram —ve

1 2 3 4 5 6 7 8
(L) 7 10 10 —ve 10 —ve 8 —ve
(Ly) —ve 8 9 12 —ve —ve —ve —ve
(L3) 8 9 9 10 —ve 7 —ve 8
Cu(Il)-L, 17 15 20 8 —ve —ve 10 —ve
Co(ID)-L, 15 18 15 7 —ve —ve 10 —ve
Ni(ID-L, 20 25 20 10 —ve —ve —ve —ve
Cu(ID-L, 16 18 12 17 —ve —ve J —ve
Co(ID-L, —ve 15 15 15 —ve —ve —ve —ve
CddDn-L, 20 18 25 20 —ve —ve 7 —ve
Cu(ID-L; 10 15 10 15 —ve —ve —ve —ve
Ni(ID-L, 15 20 15 15 —ve 8 —ve 10
Cd(ID-L, 18 25 15 18 —ve 10 —ve 15

1 — Bacillus cereus, 2 — Staphylococcus aureus, 3 — Serratia, 4 — Escherichia coli, 5 — Asper:
gillus flavus, 6 — Penicillium oxalicum, 7 — Penicillium variabile, 8 — Chrysosporium tropicum-
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predominant activity the majority of the bacteria and some of the fungi used. In spite
of the predominant potency of the chelates, the more potent complexes are those
with Cd(II) and Ni(II) which exhibit good activity against most of the used bacteria.
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