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ABSTRACT

Some acylhydrazine derived ONO donor Schiff bases and their Co(II) and Ni(II) complexes have been prepared
having the same metal ion (cation) but different anions. These synthesized metal(II) complexes have been
characterized on the basis of their elemental analyses, magnetic moment, molar conductance, and IR and
electronic spectral data. All of the Schiff base ligands function as tridentates and the deprotonated enolic form is
preferred for coordination. In order to evaluate the effect of anions on the bactericidal activity, these synthesized
complexes, in comparison to the uncomplexed Schiff bases have been screened against bacterial species.,
Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa and the results are reported.

INTRODUCTION

Acylhydrazines have been shown to possess modest bacteriostatic properties® in vitro against many
microorganisms. Recent studies have shown that these are also potent inhibitors of DNA synthesis in a variety of
cultured human and rodent cells, and their metal complexes produce significant inhibition>* against tumor
growth. Their varied interesting ligational behavior>® towards transition metal ions have also attracted the
attention of many researchers'®"'? to explore their metalloorganic chemistry. Keeping in view all these aspects
accordingly, some novel ONO donor acylhydrazines such as benzoylhydrazine, salicyloylhydrazine and
nicotinoylhydrazine derived furanyl Schiff bases were previously synthesized'® and the effect of metal ions on
their antibacterial properties were reported. In the present studies, the same Schiff bases (Fig. 1) have been used
for their complexation reactions with Co(II) and Ni(II) metal ions having different anions [NOs", SO, C,04*
and CH3CO;] and the participating role of these anions on the antibacterial activity is further investigated and
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Fig. 1. Proposed Structure of Schiff Bases
EXPERIMENTAL
Material and Methods

All chemicals and solvents used were of Analar grade. All metal(Il) salts were used as sulphate, nitrate, acetate
and oxalate. 2-Furanecarboxaldehyde, benzoylhydrazine, nicotinoylhydrazine and salicyloylhydrazine were
obtained from Merck. IR spectra were recorded on a Philips Analytical PU 9800 FTIR spectrophotometer as KBr
discs. UV-Visible spectra were obtained in DMF on a Hitachi U-2000 double-beam spectrophotometer. C, H and
N analyses was carried out by Butterworth Laboratories Ltd. Conductance of the metal complexes was
determined in DMF on a Hitachi YSI-32 model conductometer. Magnetic measurements were made on solid
complexes using the Gouy method. Melting points were recorded on a Gallenkamp apparatus and are
uncorrected.

133



Z.H. Chohan, M.A. Faroog, M.S. Iqbal Anions of Bivalent Transition Metal [Co(Il) and Ni(1)]
Complexes with Acylhydrazine Derived ONO Donor Schiff Bases

Preparation of Schiff bases .
The ligands were synthesized and fully characterized according to the same method reported® earlier.

Preparation of Metal Complexes

An ethanol solution (20 mL) of the appropriate metal(Il) salt (0.001 M) was added to a magnetically stirred
ethanol solution (15 mL) of the respective Schiff base (0.002 M). The mixture was refluxed for 2 h, then cooled
to room temperature, filtered and reduced to nearly half its volume. The concentrated solution was left stand
overnight at room temperature which resulted in the formation of a solid product. The product thus obtained was
filtered, washed with ethanol, then with ether and dried. Crystallization in aqueous ethanol gave the desired metal
(II) complexes.

Antibacterial Studies

The synthesized metal chelates, in comparison to the free Schiff bases were screened for their antibacterial
activity against pathogenic bacterial species, Escherichia coli, Staphylococcus aureus and Pseudomonas
aeruginosa, The paper disc diffusion method was adopted for the determination of antibacterial activity as
reported'*'¢ earlier.

RESULTS AND DISCUSSION

Physical Properties

The Schiff bases (Fig. 1) were prepared by reacting equimolar amounts of 2-furanecarboxaldehyde with the
respective benzoylhydrazme, salicyloylhydrazine or mcotmoylhydrazme in ethanol. The structures of these Schiff
bases were established'® with the help of their IR, 'H NMR, '*C NMR and microanalytical data. These
synthesmed Schiff bases are now used further for the preparation of its Co(II) and Ni(II) complexes having
different anions as NOj", SO4 , C;0,% and CH;COy;".

All of the metal complexes [(1)-(24)] (Table I) were prepared by the stoichiometric reaction of the respective
metals as their sulphate, nitrate, acetate and oxalate, and Schiff bases in a molar ratio M:L = 1:2. All the
complexes are intensely colored and stable crystalline solids, which decompose above 200°C without melting.
The complexes are insoluble in common organic solvents like ethanol, methanol, chloroform or acetone. DMSO
and DMF, however, dissolved all the complexes. Their melting behavior, solubility and crystalline nature suggest
that they are monomers. Elemental analysis data (Table 1) indicated 1:2 (metal llgan l) stotchlometry Molar
conductance values of the soluble complexes in DMF show values (26-45 ohmcm’mol™) indicating'” that they
are all non-electrolytic in nature

Model Studies

Examination of the model of these Schiff bases illustrated in Fig. 2 show that in no case can the ligands exhibit
quadridentate ONNO or bidentate ON or OO behavior. It is capable of exhibiting either tridentate monobasic
(flexidentate keto-enol form) (Fig. 2) or neutral tridentate behavior. In its enol form, the ligand can function like
an enol showing ONO donor by either deprotonation of the hydroxyl group of enol, v(OH), nitrogen of
hydrazine, V(N-N), and heteroatom (O) of the furanyl group. The keto form however, acts as tridentate ONO
donors showing coordination through the keto oxygen (C=0), azomethine nitrogen (CH=N) and the heteroatom
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R = Ph (L"), 2-HO-Ph (L?), 4-Py (L3)

Fig. 2. Possible Flexidentate Keto-Enol Forms of Schiff Base
Infrared Spectra
a) The IR spectra were recorded in KBr and are depncted in Tables II with some tentative ass1gnments of
important characteristic bands. All the Schiff bases showed'? the absence of bands at ~1735 and 3420 cm™ due to
characteristic carbonyl v(C=0) and v(NH,) stretching vibrations of the respective aldehydes and amines (starting
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materials). Instead, a new band at ~3240 cm™' and sharp bands at ~3215, 1700, 1635 and 1020 cm™ assigned'®!®
to amide-1 [v(CO-NH)], amide-II [v(NH+CN)], azomethine [v(C=N)] linkage and v(N-N) modes appeared,
respectively. It however, suggested that hydrazinoamine and aldehyde moieties of the starting reagents no longer
exist and have been completely condensed and converted into their respective Schiff bases.

Table I.  Physical and Analytical Data of the Metal(II) Complexes

Complex/ M.P. B.M. | Yield Calc. (Found) %
Mol. Formula °0) e) | (%) C H N
(0 [CoLH;(NO3),] 212214 | 485 | 62 525 33 102
__gqugCON.;Og [548.9] (52.7(3.2) (10.1)
@ [Co(LN>(SOM] 318220 | 493 | 65 496 3.1 96
| Cy4HgCoN,OsS _[581.0] (49.9) (3.3) (9.3)
(3) [Co(LHAC,00] 231233 | 487 | 60 545 3.1 98
| Cy¢HigCoN,Og (54.4) (3.3) (9.9)
@) [Co(LN:(CH,COy),] | 220222 | 490 | 64 557 40 93
C24H24CoN4Og [602.9] (55.5) (4.2) (9.6)
() [Co(L):(NOY,] 218220 | 492 | 60 449 28 13.1
| Cp4H 3CoN(O}» 640.9] (45.2) (2.5 (13.5)
6) [CoL)xSO] 225227 | 489 | 58 470 29 9.1
Cu 'llgC0N4OmS 613.0] 47.1) (2.7 10.2)
7 [Co(LH)(C209)] 228230 | 492 | 62 516 3.0 93
| CooH)sCoNiOy__[6049] (51.9) (3.1) (9.0)
8) [Co(L)ACH;CO,),] | 222224 | 490 | 65 520 33 88
CysHy4CoN4Oyg  [634.9] (52.8) (3.6) (8.6)
©) [Co(L):(NO3,] 226228 | 493 | 62 432 2.6 183
CpH;sCoNgOyo  [610.9] (43.0) (2.5) (18.5)
(10) [Co(LY)(SOD] 225-227 | 492 | 60 453 2.7 144
CpH;sCoNgOsS  [489.5] (45.5) (2.9 (14.2)
(11) [Co(L)«(C:09)] 230232 | 489 | 64 50.1 2.8 14.6
| Co4H;sCoNgOg [574.9] (50.3) (2.9) (14.1)
(12) [Co(L)),(CH3COy);] | 224-226 | 490 | 65 51.6 3.6 I3.9
| CogH2CoNgOg [604.9] (515934 13.D
(13) [NI(L2(NO3Y2] 738230 | 330 | 62 2.5 33 102
| Co4H gNiN4Og [548.7] (52.3)(3.2) (10.3)
(14) [Ni(L"2(SOD)] 325227 | 352 | 60 496 3.1 96
_ngngNiN4OsS [580.8] (49.5) (3.6) (9.5)
(15) [NI(LD2(C,09)] 230-232 | 3.20 | 65 545 3.1 98
| Co6H sNiN4Og [572.7] (54.2) (3.2) (9.9)
(16) [Ni(L),(CHCOy),] | 232-234 | 3.70 | 65 557 40 93
CyxH EN1N403 [602.71 (55.9) (3.8) (9.1)
(7) [NIL)NO3Y,] 228230 | 325 | 64 | 450 28 13.
| CaH sNiNgOj,  [640.7] (45.2) (3.0) (13.0)
(18) [NIL)2(SO] 228230 | 327 | 62 470 29 9.1
C4HgNiN4O oS [612.8] (47.2) (3.0) (9.5
(19) [NiL)2(C,09)] 125228 | 352 | 62 516 3.0 93
| CogHigNiN4Oyg  [604.7] (51.8(3.3) (9.1
(20) [Ni(LH),(CH;COy),] | 230232 | 361 | 65 530 38 838
CosHo4NiN4Oj — [634.7] (53.1)(3.5) (8.5
1) [NIL)(NO3)2] 232234 | 365 | 60 | 432 26 183
leOm [610.7] (43.5) (2.4) (18.5)
22) [Ni(L)(S09)] 730232 | 345 | 62 | 453 2.7 144
CH;¢NiN¢OS 582.8] (45.5) (2.5) (14.7)
(23) [NI(L)2(C;09) 232234 | 350 | 65 50.1 2.8 146
Cy4H 6NiNgOg 574.71 (50.5) (2.7) (14.5)
24 [NI(L),(CHCO,] | 235237 | 355 | 64 51.6 36 139
| CiHuNiNGO;  [604.7] (1.7) (3.7) (14.1)

The comparison of the infrared spectra of the Schiff bases and their metal complexes indicated that the Schiff
bases are coordinated to the metal atom by three sites, thus suggesting that the ligands act as a tridentate.
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Table II. IR and UV-Visible Data of the Metal(II) Complexes
No IR (cm™) Amax (cm™)
(1) | 3215 (s, NH), 1625 (s, CH=N), 1245 (s, C-0), 8545, 17785, 20420
1025 (m, N-N), 455 (m, M-0)
(2) | 3210 (s, NH), 1625 (m, CH=N), 1240 (s, C-0), 8610, 17815, 20485
1030 (m, N-N), 460 (m, M-O)
(3) | 3220 (s, NH), 1630 (s, CH=N), 1240 (m, C-0), 8585, 17825, 20445
1030 (m, N-N), 455 (m, M-O)
(4) | 3210 (s, NH), 1625 (s, CH=N), 1245 (s, C-0O), 8570, 17810, 20460
1025 (m, N-N), 455 (m, M-O)
(5) | 3210 (s, NH), 1625 (m, CH=N), 1245 (s, C-0O), 8585, 17795, 20475
1025 (m, N-N), 455 (m, M-O)
(6) | 3220 (s, NH), 1630 (m, CH=N), 1245 (m, C-O), 8555, 17785, 20480
1030 (m, N-N), 455 (m, M-0)
(7) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0O), 8550, 17795, 20455
1025 (m, N-N), 455 (m, M-O)
(8) | 3210 (s, NH), 1630 (s, CH—N), 1240 (m, C-0O), 8555, 17780, 20480
1025 (m, N-N), 455 (m, M-O
(9) | 3210 (s, NH), 1625 (s, CH—N), 1245 (s, C-0), 8592, 17815, 20485
1025 (m, N-N), 460 (m, M-O)
(10) | 3215 (s, NH), 1625 (s, CH=N), 1245 (s, C-0), 8585, 17795, 20475
1025 (m, N-N), 455 (m, M-O)
(11) | 3210 (s, NH), 1625 (m, CH=N), 1245 (m, C-0), 8605, 17790, 20455
1030 (m, N-N), 455 (m, M-0)
(12) | 3220 (s, NH), 1630 (m, CH=N), 1240 (s, C-O), 8555, 17810, 20425
1025 (m, N-N), 455 (m, M-0)
(13) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10270, 19055, 26880
1025 (m, N-N), 455 (m, M-0)
(14) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10320, 19145, 27085
1025 (m, N-N), 455 (m, M-0)
(15) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10285, 19105, 26885
1025 (m, N-N), 455 (m, M-0)
(16) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10315, 19135, 26990
1025 (m, N-N), 455 (m, M-0)
(17) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-O), 10310, 19120, 26895
1025 (m, N-N), 455 (m, M-0)
(18) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10292, 19140, 26900
1025 (m, N-N), 455 (m, M-0)
(19) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10290, 19135, 26915
1025 (m, N-N), 455 (m, M-0)
(20) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10300, 19120, 26915
1025 (m, N-N), 455 (m, M-0O)
(21) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10310, 19130, 26885
1025 (m, N-N), 455 (m, M-O)
(22) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10285, 19145, 26895
1025 (m, N-N), 455 (m, M-O)
(23) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-0), 10275, 19110, 26880
1025 (m, N-N), 455 (m, M-O)
(24) | 3210 (s, NH), 1625 (s, CH=N), 1240 (s, C-O), 10310, 19135, 26895
1025 (m, N-N), 455 (m, M-O)

s = sharp, m = medium

b)
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The band appearing at ~3240 cm™ due to amide-I band was substantially shifted to lower frequency (20-
30 cm™) relative to the free ligand values and the bands due to v(C=0) were completely mlssmg in the
spectra of the complexes, suggesting?® enolization of the Schiff bases on complexatlon This is also
supported by the fact that no band for v(OH) in the spectra of the Schiff bases and also in the complexes
is observed. Instead, a band due to v(C-O) at about ~1245 cm™ was observed for all the title complexes,
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which supports the observation of their enolization during coordination. These facts suggest that the
Schiff bases remain in the keto form in the solid state but in solution, both the keto and enol forms
remain in equlhbnum (Fig. 2) and during cemplexation, deprotonatlon occurs from the enol form. This
coordination through the deprotonated enolized oxygen results in a V(NCO) band manifested in the
region at ~1245-1250 cm’!

c) The amide-II band was also split, displaced to higher frequency and reduced in intensit . Shift to the
higher frequency (5-10 cm’™") of the V(N-N) band at ~1025 cm™ and its sphttm% indicated® coordination
of the azomethine nitrogen. Moreover, the lower—frequency shift (5-10 cm™) of the band due to the
azomethine v(CH=N) linkage at ~1635 cm™ also indicated involvement of azomethine group in
coordination. 1

The appearance of new weak low-frequency bands at ~455 cm™ were assigned” to metal-oxygen v(M-O). These

bands were only observable in the spectra of the metal complexes and not in the spectra of their Schiff bases

which in turn confirmed the participation of'the heteroatoms (O) in the coordination.

Magnetic Moments and Electronic Spectra

UV-Visible spectral bands of the complexes are recorded in Table III. The cobalt(I) complexes show magnetic

moment values of 4. 85-4 93 B.M. at room temperature. These high values of the magnetic moments and the

stoichiometries suggest2 a coordination number of six for the central cobalt(II) ion and attaining an octahedral
geometry. The CHN analyses also support this inference. The electronic spectra of these complexes are also

consistent with their octahedral envnronment around the cobalt(Il) i ion. The spectra display bands at ~8,545-8, 610

~171785 -17,815 and ~20,420-20,485 cm™! attributed to T|g (F) - ng (F)(Vl), Tlg F) - Azg (F)(V2) and Tlg

— "Tig (P)(V3) transitions, respectively, in a high-spin octahedral geome . The electronic spectra of the

nickel(II) complexes exhibited three typical absorptlon bands at ~10, 270 10320 19055- 19145 and ~26,880-

27085 cm’! , corresponding to the transitions Azg - ng Vs) Azg - T,g (F)(V2), and Azg - ng (F)(V3),

respectively, characteristic for their octahedral env1ronment . Also, the values of the magnetic moment (3.2-

3.7 B.M.) may be taken as additional evidence®"? for their octahedral structure.

On the basis of the above observations, it is tentatively suggested that all of the complexes show an octahedral

geometry (Fig. 3) in which the two ligands act as tridentates. These possibly accommodate themselves around the

metal atom in such a way that a stable chelate ring is formed giving in turn, stability to the formed metal
complexes.

R = Ph; R = 2-HOPh, 4-Py
M = Co(ll), Ni(l1)

py)

Fig.3. Proposed Structure of the Metal(I[) Complexes

Antibacterial Properties

The title Schiff bases in caomparison to their metal(I) chelates having the same metal.atom but different anions
were evaluated for their antibacterial activity against the standard bacterial strains of Escherichia coli (a),),
Staphoncoccus aureus (b) and Pseudomonas aeruginosa (c) The compounds were tested at a concentration of 30
ug/0.01 mL in DMF solution using the paper disc diffusion method reported*** 4 as earlier. The susceptibility
zones were measured in mm and the results are reproduced in Table III. The susceptibility zones were the clear
zones around the discs, which were measured in mm. All the Schiff bases and their complexes individually were
found to be biologically active showing various degrees of inhibitory effects on the growth of the tested bacterial
species. The antibacterial results evidently show that the activity of the Schiff bases became more upon
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coordination to the metal atoms. But, when the same metal complex having different anions was individually
screened the degree of bacteriostatic activity also changed. From the obtained data as reproduced in Table III, it
was generally observed that the order of potency in comparison to the metal complexes having chloride anions
evaluated and reported earlier and the results of the present studies against the same tested bacterial strains under
the same conditions were found to follow the order as NO3; > C,04 > CH3CO, > C1 > SO;4.

Table III. Antibacterial Activity Data of the Schiff bases and its Metal(II) Complexes

Schiff base/ Micro bial S pecies
Complex a b c
HL + + ++
HL* ++ + +
HL’ ++ + ++
[0 +++ ++ +++
) +++ +++ +
3) -+ ++ -+
4 +++ +++ +++
(5 - -+ -+
(6) -+ -+ ++
N +4+++ ++ +++
(8) ++ ++ -+
9 -+ -+ ++
(10 Jrars o e
(11) ++ 4 ++
(12) +++ ++ ++
(13) ++ ++ +++
14 +++ +++ +++
(15) ++ -+ ++
(16) ++ +++ +++
a7 ++ +++ ++
(18) s e s
a9 +++ +++ +++
(20) FH FH ++
21 +++ ++++ +++
(22) +++ +++ +++
(23) Tt F+ ++
24 +++ +++ -+
a= Escherichia coli, b= Staphylococcus aureus,

c= Pseudomonas aeruginosa

Inhibition zone diameter mm (% inhibition): +, 6-10 (27-45 %); ++, 10-14

(45-64 %); +++, 14-18 (64-82 %); ++++, 18-22 (82-100 %). Percent inhibition values are relative to
inhibition zone (22 mm) with 100 % inhibition.

On the basis of these results, it is claimed that different anions which stay outside the coordination sphere of the
complex as counter ions also effect the biological behavior of the metals (cations). It is suspected that possible
factors, such as solubility, conductivity, dipole moment and cell permeability mechanism that may cause an effect
to induce more potency/activity in these metal chelates. However, our in vivo studies are in progress which may
help to establish this mechanism.
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September 1, 2006

Dear Colleague,

Metal-Based Drugs (MBD) is resuming publication as an open access electronic journal. MBD is an
international refereed journal which publishes research on all aspects concerning the interaction of
metals with diseases such as cancer, infection, inflaimmation, and with cardiovascular, CNS and
metabolic diseases. The journal accepts papers on the synthesis and characterization, on preclinical
activity, from the fate in living organisms to their mechanisms of action including the physiological
effects and toxicity, and on clinical therapeutics of chemical structures based on metals and useful
for the therapy or for the diagnosis of human diseases. MBD is a multidisciplinary and authoritative
reference on the role and on the use of metals in medicine. MBD puts emphasis on all the metals
and on metal compounds characterized and synthesized to fit with the modern aspects of molecular
diagnosis and disease control, particularly on nanotechnologies and on the control of genes and of
gene expressions. MBD will also stimulate structure-activity relationships studies of cellular and
molecular targeting of metal compounds.

MBD is an open access journal; hence the full text of all articles is freely available on the journal’s
website immediately after publication. The main advantage of open access journals is that their
readership is not limited to the subscribing institutes, leading to higher rates of downloads and
citation than comparable subscription-based journals. This should help in increasing its impact
factor. In addition, authors retain the copyright of their papers by signing a Creative Commons
Attribution License, which gives the readers the right to download, print, and redistribute any article
as long as it is properly cited

Another important issue is the improved review and publication speed of the journal. The
publisher’s electronic Manuscript Tracking System (MTS) helps reduce the review time significantly,
since it eliminates many of the delays that occur during peer-review. We are then aiming for an
average publication time of a few weeks following the acceptance.

As the Editor-in-Chief of Metal-Based Drugs, I would like to invite you to submit your paper for
publication in the journal and maximize the readership and impact of your research articles. You can
submit your contributions at http://www.hindawi.com/mts/

Please do not hesitate to contact me at mbd@hindawi.com if you need any further information.

Sincerely yours,

Prof. Gidnni Sava
MBD Editor-in-Chief



