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ABSTRACT

A series of new mixed metal ligand complexes is reported with Oxalic Acid (H2 C204) as a primary
ligand and Trimethoprim (TM) as secondary ligand. The structures of these complexes are confirmed by
using FT-IR and UV- electronic spectroscopies, magnetic moments, melting points , molar conductivity
measurements .and the metal % analysis revealed that the complexes analyze indicates a six coordinated as
K2[M (Oxalate)2(TM) (H20) ] . M=Mn (ll), Co(ll), Ni(ll),Cu(ll) ,Zn(ll) and K [Cr (Oxalate)2(TM) (H20)].
Interestingly, the in-vitro antimicrobial studies on ( Trimethoprim and Oxalic Acid )ligands and mixed metal
ligand complexes against {(Staphylococcus aureus (G+) , Bacillus subtilis (G+), Enterobacte r Cloaca e (G-)
by measuring the zone of inhibition in mm.
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INTRODUCTION
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Mixed ligands complexes is a subject of increasing interest in coordination bioinorganic chemistry.
Mixed-ligand complexes containing (2 or more) different ligand molecules generally found to be more active
biologically than the free ligand and its binary complexes. [1,2]

Many research papers have been published on preparing of metal complexes with mixed ligands
and characterization [3-5].

The organic bidentade ligands as Oxalic Acid or amino acids are the important class of ligands in
coordination chemistry and find extensive application in different fields such in the field of medicines and
bioinorganic chemistry. [5]

Oxalic acid (Ethanedioic Acid ) or called Wood bleach ,acts as a bidentate ligand in the form of the
dianion, functions as a involving the two-carboxylate groups ( and forms a 5 membered ring with the metal
ion). The oxalate complexes of metal ions have been extensively studied, the sustained interest in their study
in solution is a consequence of their use as model systems in the investigation of physic- chemical property.
[6-8]

The literature survey [9] reported the synthesis and crystal structure of trimetboprim (TMP) 2,4-
diamino-5-(39,49,59-trimethoxybenzyl) pyrimidine with Co atom. Naldini et al. [10] reported the synthesis,
magnetic susceptibilities and X-ray structure of Cu(ll) with (TMP) while Canton,, et al. [11] studied the
interaction of Cu(ll), Zn(ll) and Cd(ll) with trimethoprim and reported the crystal structures of [Zn(TMP).Cl] .
Taghreed and legqa reported the synthesis and characterization of mixed ligand complexes of (TMP)and
amino acids (L-proline,L-Alanin and Anthranilic acid) respectively with some transition metals ions .[12 -14]

Metal ions such as {Fe(lll),Cu(ll), and Zn(Il)} penetrate a large range of biological tasks in the brain
due to their uses in redox reactions which are the origin pathogenesis of Alzheimer’ disease. [15]

The literature survey shows that no work has been done on transition mixed ligand complexes of
Trimethoprim and with M (II) = Mn(ll), Co(ll), Ni(ll), Cu(ll) ,Zn(ll) and Cr(lll). In the present work,describes the
investigation of mixed ligand complexes and their characterization. The structure is determined using; (UV-
Visible ,FTIR) Spectroscopy, and magnetic susceptibility by Gouy balance method .

EXPERIMENTAL

All the chemicals and solvents were purchased of A.R. Grade quality obtained from Aldrich .Merck
and BDH and were used without further purification.

Synthesis of K2[M (C204)2(TM) (H20) ] Complexes

The 1:1:2  [M:MA:0X] complexes were prepared from MCl; .nH20 or M’Clz .nH20 .n=0-6. M =
Mn(11), Co(1l), Ni(ll), Cu(ll),and Zn(1l), M’=Cr(lll).

Oxalic acid H20X as a primary ligand and Trimethoprim (™) as secondary ligand.
All complexes were prepared by the following general procedure (scheme -1)
The formed product was separated by filtration and washed with1:1 water: ethanol .This solid

complex was recrystallized by using ethanol and measure physical constant of complex. The complexes were
analyzed for their ( metal% and chloride% ) contents were determined by standard methods [16] .
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. . potassium oxalate
oxalic acid

CHs | Matel chliride

M= Mn(ID), Co(ID), Ni(Il), Cu(Il) ,Zn(II), n=2
M=Cr(III) , n=1

Scheme -1: The synthesis route of Metal Mixed Ligand Complexes

RESULTS AND DISCUSSION

The complexes are air-stable, hygroscopic and the metal analysis (M %) of the complexes is
approximate with the calculated results from the empirical formula of each complex and exhibit various
shades of color:

(Table 1). The solubility of the complexes in the six solvents (H20,aceton ,methanol. ethanol. DMF
and DMSO) used, varied according to Cr(lll) and M (ll) used: All complexes were very soluble in water, and
insoluble in all the solvents except in DMSO. The high (M.P ./De.)*C are shown in Table *C .>250

The molar conductivity (ohm-1.cm2.mol-1) of all complexes solutions measurements (1 x 103 M)
at room temperature in DMSO as solvents . The Mn(ll), Co(ll),Ni(ll), Cu(ll) , and Zn(Il) complexes are an
electrolytes types 1:2 while Cr (lll) complex types 1:1[17]. seetable(1).

In free ligand (oxalic acid has two dissociable carboxylate protons and Identification of peak strong
and sharp bands at 3132 cm-1 which is affected by the presence of hydrogen bonds [18]. The bands observed
around 1440-1450 cm-1 and 2854-3100 cm™ were assigned to v(C=C) and v(C-H) aromatic stretching,
respectively. The peaks ligand around (1635-1593)cm-1(C=N)shifted to the region 1635-1697 cm-1 for all the
complexes are due to v (C=N)Pyrimidine nitrogen group present in complexes . Identification of peaks for v(M-
N) & v(M-0) is very difficult as these can be observed at any value between (400-800 )cm™. Many authors
have defined peaks at different values for these signals (15-18). In the present case, the peaks of weak
intensity observed in the regions (424-650) cm-1 and (435-501) cm-1 can be assigned to v(M-N) and v(M- O)
respectively. [5,19] In their paper, they have reported a peak at 1535-1560 cm-1 for -NH2 group in complexes .
The carbonyl (C= O) stretching in oxalic acid group (-COOH) peak at 1519-1404 cm™. and very strong band at
1230cm™ has been assighed to C-O str. of Carboxylic acid. In the complexes, the carbonyl vibration is shifted to
higher frequencies. In the complexes broad peaks appear at range ( 3417-3456) cm™ ,followed by sharp
at(725-775). cm assignable to-OH stretching, and rocking vibrations respectively indicating the presence of
coordinated water molecules in the complexes [12-15] .The Trimethoprim ligand coordinates as neutral
ligand mondentate ligand while the oxalato ligand (OX) coordinates as a dianionic bidentate towards Cr(lll)
and M(Il) [8,18-20].All of the complexes in this paper are paramagnetic except Zn(ll) complex and their
magnetic moments (L) are given in Table 2.
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The electronic spectra of all the complexes solutions under study were recorded in 102 M in
DMSO at room temperature summarized in Table (3).

Table(1): Some Physical properties of the compounds.

Compounds Color M.WT M.P. /De. M% Am
g/mol oC Calculate (ohmt.cm2.mol?) in
(found) DMSO 103M.
in (H,0)
™ :C14H18N403 white 290.32 - - -
H2C204 .ZHzo white 90.3 - - -
K [Cr(C204)2(TM) (H,0)] Dark green 575.47 285 9.04 49
De. (10.12) (127)
K2[Mn(C204)2(TM) (H20)] rose 616.97 215 De. 10.19 89
(10.45) (240)
K5[Co (C204)2(TM)(H0)] pink 620.97 223-255 De. 10.85 81
(11.29) (240)
K>[Ni(C204)2(TM) (H20] | Light-green 621.26 216 9.45 78
(11.01) (240)
K2[Cu(OX)(TM) (H,0)] | Light green 626.12 253-255 10.15 78
(10.11) (240)
K»[Zn(OX)2(TM) (H20)] Off white 627.95 216-220 10.41 76
(11.19) (239)
D.T =decompose tempreture , (OX)2(TM) (H,0) = CisH20N4012
Table(3): Electronic spectral Data of compounds
Comp. nm moflr.nf.)«(:m-l v'cm! Assignments :igl
H,C,04= OX 262 166 38167 n->n* -
310 1141 28490 n->m*
™ 274 1614 36496 n->n* -
313 1131 31948 n->n*
277 81 36101 Charge transfer 5.71
K [Cr (C204)2(TM) (H,0)] 386 62 25906 4P2g>T1g(P) v3
574 43 17421 HAsg—>*T1g V2
842 76 11876 4Py 4Ty v
K2[Mn(C,04)2(TM) (H20)] 255 127 39215 Charge transfer 5.60
550 5 18181 6A1g->4T1g(G)
785 6 12738 6A1g—>4T2g(G)
K>[Co (C204)2(TM) (H20)] 252 69 39682 Charge transfer 5.08
532 18 18796 4T1g(F) >4T2g(F),
834 15 11990 4T1g(F)->4T1g(P)
K3[Ni(C204)2(TM) (H20] 252 757 39682 Charge transfer 2.85
292 41 43246 37,8 > 3T;g(F) (v3) 3A,8(F)
403 87 24813 3T (1) 3AxgF >3T,g"
655 55 1526 U1
K[Cu( C204)2(TM) (H,0)] 275 1915 36363 Charge transfer 1.7
613 118 15847 2Eg >2T,g
Ka[Zn( C204)>(TM) (H,0)] 201 142 cT Diamag.
294 7
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The antibacterial studies

The control (DMSO), two free ligands and synthesized complexes were screened for their in vitro
antimicrobial activity against ( Staphylococcus aureus , Bacillus subtilis , Enterobacte r Cloaca by
measuring the zone of inhibition in mm. are presented in Tables 5 and scheme (2). [12-15]

The antibacterial activity results revealed that the ligand and there complexes shown weak to good
and excellent activity when compared to the Control (DMSO). In general free ligand (™) shows the highest
(1Z) against four bacteria. This confirms earlier reports (12-13.). The complexes examined showed different
patterns. The complexes exhibit a higher activity than the corresponding ( Oxalic Acid) ligand. All the
complexes that showed activity of less than 6 mm against Enterobacter cloacae and Bacillus subtilis but
highest (1Z)against Staphylococcus ureus except for K[Cr(OX)2(TM)(H20)]complex. Whereas Kz2[Cu(OX)2(TM)
(H20)],and showed activity against Esherichia Coli only. In metal complexes, on complications the polarity of
the metal ion will be reduced to a greater extent due to the overlap of the two ligands orbital and partial
sharing of the positive charge of the metal ion with (Nitrogen and oxygen as donor atoms . Further, it
increases the delocalization of m- electrons over the whole chelate ring. The ring of (Trimethoprim) moiety
makes the complexes more lipophillic . [24]

Table(4): Antibacterial activity of the ligands and the complexes

Esherichia Coli
Componds | Enterobacter Bacillus Staphylococcus
(ligands & M-comp.) | cloacae subtilis aureus
Control (DMSO) 5 4 4 5
H2C,04= OX 5 5 4 4
™ 37 5 58 29
K [Cr (C204)2(TM) (H,0)] 5 4 4
K2[Mn(C204)>(TM) (H20)] 5 22 4
K2[Co (C204)2(TM) (H20)] 5 5 33 4
K2[Ni(C204)2(TM) (H20] 5 5 44 4
Ka2[Cu( C204)>(TM) (H20)] 5 33 15
Ka[Zn( €204)>(TM) (H0)] 5 5 23 4

B Enterobacter cloacae
@ Bacillus subtilis Gram-positive
@ Staphylococcus aureus Gram-

positive

OEsherichia Coli Gram-negative

Chart (1) Biological effect of the compounds
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CONCLUSIONS
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The new mixed ligand complexes were synthesized and characterized. The data collected from
electronic  spectra and magnetic measurements. indicated an octahedral stereochemistry for the metal
complexes. FT_IR spectra showed that the Trimethoprim ligand coordinates as neutral mono dentate ligand
while the oxalate ligand (OX?) coordinates as a dianionic bidentate towards and showing that the molecules
of coordinated water bacteriological studies were carried out against four species. The results showed
increase in antimicrobial activity of metal complexes as compared with oxalic acid .The complexes exhibited
varying degrees of inhibitory effects on the growth of the tested bacterial species.
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