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ABSTRACT 

 

New binuclear Mn(II), Co(II), Ni(II), Cu(II), Zn(II),  Mg(II), Ca(II), Pb(II), 

and Fe(III) bioactive complexes of new ligand with diethyl 2,5diacetylhexaneediote 

terminal wings have been synthesized and structurally characterized by elemental 

analysis and various Techniques like IR, UV-VIS, 1H-NMR, Mass, Conductivity, 

Magnetism, Thermal analysis(DTA-TGA) and ESR measurement. The crystalline 

behavior of some complexes were analyzed by scanning electron microscope and 

show Nano form structure. The RSR spectra of solid metal complexes at room 

temperature show isotropic spectra except Cu(ll) complex (13) , this complex shows  

anisotropic spectrum with g1> g> ge state, indicating compressed tetragonal distortion 

around Cu(II) ion with adz2 ground state and has covalent bond character .The molar 

conductances of the complexes confirmed non-electrolytic nature. Biological 

activities of the ligand and its metal complexes were tested against gram positive 

staphylococcus aureus and gram negative Escherichia Coli .some of the compounds 

show enhanced activity compared with standard drugs( Pharmox, bacteria). 
 

Keywords: Metal complexes, Spectra, Magnetism, Electron microscope, ESR, 

Biological activity. 
 

INTRODUCTION 
 

There is great interest in synthesis and characterization of coordination compounds as   

polyketones  containing  alkyl  groups  directly  linked  to  the  carbonyl  functions1.This is 

http://www.chemistry-journal.org/
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because the coordinated ligand are biologicall y more active than the uncoordinated one2-3. 

Researches  also appeared  on  the  synthesis,  characterization  and  applications  of  

biologically   important  diketones  that  contain olefinic  linkages  attached  to  the  polyketo  

function  as  in Curcuminoids4-8 . However  reports  are  scanty  on  unsaturated  polyketones  

and  their metal  complexes, Diketones are very important compounds  in  organic  chemistry,  

because  they  exhibits some biological activities, such as antioxidants9 , antitumor10 and 

antibacterial11 activities and are also key intermediates to various heterocyclic compounds12.  

-diketone like Anabaena -diketone hydrolase also possesses some enzymatic activities13, 

Europium (III)  -diketonates have excellent luminescent property14 The reaction of Cu(II) 

complexes of B- diketones such as acetylacetone, benzoylacetone, dibenzoylmethane and 

benzoylacetaldehyde with glycine or glycylglycine were investigated.The reaction of -

diazoacetophenone with carbonyl compounds such as benzaldehyde, acetophenone and 

phenylacetophenone have been studied in The presence of bis (acetylacetonato) copper(II)15. 

The antibacterial activity of metal complexes of sulphadimidine ligand was investigated 

against Escherichia Coli, staphylococcus aureus and Klebsiella ph.evmonia. The data obtained 

revealed that the complexes showed greater activity against The Three micro-organisms when 

compared to parent compound16.  In continuation of our studies on unsaturated polyiketones 

and their metal complexes. we  here  report  the  synthesis  and  characterization  of  

Tetradentate Ligand  (H2L) obtained by  the  condensation  between  ethyl acetoacetate18 and  

ethylene dibromide19-20 (2:1) in ethanol and its metal complexes and also antimicrobial activity 

was investigated.  
 

EXPERIMENTAL 
 

Instrumentation and measurement: The ligand and its metal complexes were analyzed for 

C, H, N and Cl at the Micro analytical center, Cairo University, Egypt. Standard analytical 

methods were used to determine the metal ion content18-20. Mass 1H-NMR spectra were 

obtained on BRUKER 400 MHz spectrometers. Chemical shifts (ppm) are reported relative to 

TMS. Mass spectra of the ligand and some of its complexes were recorded using JEULMS-

AX500 mass spectrometer provided with data system IR spectra of the ligand and its metal 

complexes were measured using KBr discs by a Jasco FT/IR 300E Fourier transform infrared 

spectrophotometer covering the range 400-4000 cm-1. Electronic spectra in the 200-900 nm 

regions were recorded on a Perkin-Elmer 550 spectrophotometer. The thermal analyses (DTA 

and TG) was carried out on a Shimadzu DT-30 thermal analyzer from room temperature to 

800 ºC at a heating rate of 10 ºC/min. Magnetic susceptibilities were measured at 25oC by the 

Gouy method using mercuric tetrathiocyanatocobaltate(II) as the magnetic susceptibility 

standard. Diamagnetic corrections were estimated from Pascal’s constant19.  

The magnetic moments were calculated from the equation:  

eff M
corr T. . .2 84 . 

The molar conductance of 10-3 M solution of the complexes in DMSO was measured 

at 25 ºC with a Bibbyconductometer type MCl. The resistance measured in ohms and the molar 

conductivities were calculated according to the equation: 
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𝑴 =
𝑽  𝑲  𝒈

𝑴𝒘 ∗
 

Where: M = molar conductivity / -1cm2 mol-1, V = volume of the complex solution/ mL, K 

= cell constant (0.92/ cm-1), Mw = molecular weight of the complex, g = weight of the 

complex/g,  = resistance/ . ESR spectra were recorded using avarian E-109 

spectrophotometer. DPPH was used as a standard material. 

 

Synthesis of The ligand: The ligand, (H2L) was prepared by drop wise addition of (23.88 

g,0.127  mol) 1,2-dibromoethane  to (33.08 g,0.254  mol) ethyl acetoacetate  in presence of 

Na metal dissolved in 50 cm3of absolute ethanol. The mixture was refluxed with stirring for 2 

hours and then left to cool at room temperature, filtered off, washed with water, then dried and 

recrystallized from ethanol20. 

 

Synthesis of metal complexes 
 

Preparation of metal complexes, (2-18): Synthesis of complexes (2-18) using (1L:2M) were 

carried out by refluxing a hot ethanolic solution of the ligand (2.0g, 0.007 mol) with a hot 

ethanolic solution of the metal salts of (3.428 g, 0.014 mol) of Mn(OAc)2.4H2O, complex (2), 

(3.484 g, 0.014 mol)of Co(OAc)2.4H2O, complex (3) , (3.481 g, 0.014 mol) of Ni(OAc)2.4H2O, 

complex (4) , (2.792 g, 0.014 mol) of Cu(OAc)2.H2O, complex (5) , (3.071g , 0.014 mol ) of 

Zn(OAc)2.2H2O, complex (6) , (4.549 g, 0.014 mol) of Pb(OAc)2, complex (7) , (1.904 g, 

0.014 mol)of   Ca SO4 , complex (8) , (2.364g, 0.014 mol ) of Mn SO4.4 H2O, complex (9) , 

(3.888 g, 0.014 mol) of Fe(SO4)2.7H2O, complex (10) , (3.931 g, 0.014 mol) of Co SO4.7H2O, 

complex (11) ,(3.676 g, 0.014 mol) of Ni SO4.6H2O, complex (12), (3.492 g, 0.014 mol) of 

Cu SO4.5H2O, complex (13), (2.510 g, 0.014 mol) of Zn SO4, complex (14), (4.241 g, 0.014 

mol) of Pb SO4, complex (15), (1.880 g, 0.014 mol) of  CuCl2.2H2O, complex (16), (2.38 g, 

0.014 mol) of  CuI2.2H2O, complex (17),and(3.093 g, 0.014 mol) of  CuCO3.Cu(OH) 2, 

complex (18), The reaction mixtures were refluxed with stirring for 1–3 hrs range, depending 

on the nature of the metal ion and the anion. The precipitates so formed were filtrated off, 

washed with ethanol, and dried in a desiccator over CaCl2. 
 

BIOLOGICAL ACTIVITY 

 

The antibacterial activities of the ligand and its metal complexes were carried out in 

the Botany Department, Lab. of microbiology, Faculty of Science, El-Menoufia University. 

Antimicrobial activity were assessed against gram positive bacteria "Staphylococcus 

aureus" and gram negative bacteria "Escherichia coli" by well diffusion method. Phamox 

was used as positive control for each bacterium. The test compounds were dissolved in 

injection water to concentration 9%.The bacteria were subcultured in nutrient agar medium 

which, was prepared using peptone, beef extract, agar, NaCl  and distilled water . The Petri 

dishes were incubated for 48 hrs at 370C.The standard antibacterial drug was also screened 

under similar conditions for comparison. The zone of inhibition was measured in centimeters 
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carefully. All determinations were made in triplicate for each of the compounds. An average 

of the three independent readings for each compound was recorded. 

 

RESULTS AND DISCUSSION 

 

All the metal complexes are colored, crystalline solids, non-hygroscopic, and air stable 

solids at room temperature without decomposition for a long time. The complexes are 

insoluble in water, ethanol, methanol, benzene, toluene, acetonitrile and chloroform, but 

appreciably soluble in both dimethylformamide (DMF) and dimethylsulfoxide 

(DMSO).Electron microscope data show that, some of the complexes are found in nanoform 

and the sizes in < nm range >. The analytical and physical data (table 1) and spectral data, 

(Tables 2-4) agree well with the proposed structures (Figure 1). The elemental analyses 

indicated that, all complexes were found to (1L: 2M) molar ratio. 

 

Complex (4) 
 

 

Complex (5) 

 

Conductance measurements: The molar conductivities of the complexes were measured in 

DMSO solvent with 1.0×10-3 M. The low magnitudes of molar conductivities -1cm2mol-1 
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(listed in Table 1) indicated that, all of the complexes possess non-electrolytic nature. These 

values agree well with the analytical data confirmed to the involvement of the anions groups 

in the metal coordination21. 
 

Table 1:-Analytical and Physical Data of the Ligand [H2L] (1) and its Metal Complexes 

* M ( -1 cm2 mol-1) 
 

 

CH

C

C

CH3

OC2H5

O

O

CH2 CH2 CH

C

C

C2H5O

H3C

O

O

diethyl 2,5-diacetylhexanedioate  Ligand (1),[H2L]  

No. Ligands/Complexes Color FW 
M.P 

(OC) 

Yield 

(%) 

Anal. /Found (Calc.) (%)  Molar 

condu-

ctance* 
C H O M Cl 

(1) 
 [H2L] 

C14H22O6 

Off 

white 
286     >300 75 

58.73 

(58.73) 

7.75 

(7.74) 
(33.53) - - - 

(2) 
[(H2L)(Mn)2(OAc)4(H2O)4] 

C22H42Mn2O18 

Dark 

brown 
704         >300 59 

37.48 

(37.51) 

5.96 

(6.01) 

40.88 

(40.80) 

15.52 

(15.60) 
- 7.8 

(3) 
[(H2L)(Co)2(OAc)4(H2O)4]. 

C22H42Co2O18 
purple 712 >300 30 

37.06 

(37.09) 

5.90 

(5.94) 

 40.43 

(40.42)  

16.50 

(16.54) 
-  6.7 

(4) 
[(H2L) (Ni)2(OAc)4(H2O)4]. 

C22H42Ni2O18 

Light 

green 
711.94 >300 56 

37.08 

(37.11) 

5.90 

(5.95) 

40.45 

(40.45) 

16.45 

(16.49) 
- 8.1 

(5) 
[(H2L)(Cu)2(OAc)4(H2O)4]. 

C22H42Cu2O18 

Dark 

brown 
721.65 >300 40 

36.58 

(36.62) 

5.82 

(5.87) 

39.91 

(39.91) 

17.60 

(17.61) 
- 8.5 

(6) 
[(H2L) (Zn)2(OAc)4(H2O)4]. 

2H2O C22H46O20Zn2 
Gray 761.37 >300 33 

34.67 

(34.71) 

6.04 

(6.09) 

42.03 

(42.03) 

17.17 

(17.18) 
- 6.5 

(7) 
[(H2L)(Pb)2(OAc)4(H2O)4]. 

C22H46O20Pb2 
Biege 1044.99 >300 50 

25.26 

(25.29) 

4.40 

(4.44) 

30.62 

(30.62) 

3.639 

(39.66) 
- 6.7 

(8) 
[(H2L) (Ca)2(SO4)2(H2O)6]. 

            C14H34Ca2O20S2 
brown 666.69 >300 60 

25.20 

(25.22) 

5.10 

(5.14) 

48.00 

(48.00) 

12.00 

(12.02) 
-  8.9 

(9) 
[(H2L)(Mn)2(SO4)2(H2O)6]. 

C14H34Mn2O20S2 

Light 

yellow 
696.41 >300 45 

24.12 

(24.15) 

4.88 

(4.92) 

45.95 

(45.95) 

15.74 

(15.78) 
- 9.2 

(10) 
[(L)(Fe )2(SO4)2(H2O)6]. 

C14H34Fe2O20S2 

Dark 

green 
698.23 >300 60 

24.06 

(24.08) 

4.87 

(4.91) 

 45.83 

(45.83)  

16.63 

(16.00) 
- 9.5 

(11) 
[(H2L)(Co)2(SO4)2(H2O)6]2H2O 

C14H38Co2O22S2 

Light 

red 
740.43 >300 55 

22.69 

(22.71) 

5.13 

(5.17) 

47.54 

(47.54) 

15.90 

(15.92) 
- 9.3 

(12) 
[(H2L)(Ni)2(SO4)2(H2O)6].2H2O 

C14H38Ni2O22S2  

Blue 

green 
739.96 >300 68 

22.70 

(22.72) 

5.14 

(5.18) 

47.57 

(47.57) 

15.84 

(15.86) 
- 9.2 

(13) 
 (H2L)(Cu)2(SO4)2(H2O)6].2H2O 

C14H38Cu2O22S2 
Rose 749.77 >300 58 

22.41 

(22.43) 

5.07 

(5.11) 

46.95 

(46.95) 

16.94 

(16.95) 
-  9.0 

(14) 
[(H2L) (Zn)2(SO4)2(H2O)6]. 

C14H34 Zn2O20S2 
White 717.32 >300 50 

23.42 

(23.44) 

4.74 

(4.78) 

44.61 

(44.61) 

18.20 

(18.23) 
- 8.7 

(15) 
[(H2L)  (Pb)2(SO4)2(H2O)6]. 

C14H34 Pb2O20S2 
Biege 1000.94 >300 31 

16.78 

(16.80) 

3.40 

(3.42) 

 31.97 

(31.97)   

41.44 

(41.40) 
- 8.5 

(16) 
[(H2L) (Cu)2(Cl)4(H2O)4]. 

C14H30 Cu2O10Cl4 
Green 627.29 >300 85 

26.78 

(26.81) 

4.78 

(4.82) 

25.51 

(25.51) 

30.21 

(20.26) 

22.60 

(22.61) 
7.7 

(17) 
[ (H2L) (Cu)2(I)4(H2O)4]. 

C14H30Cu2I4O10 

Bright 

brown 
993.09 >300 47 

16.92 

(16.93) 

3.02 

(3.04) 

16.11 

(16.11)  

12.79 

(12.80) 
- 6.5 

(18) 
[(H2L)( Cu)2(CO3)2 (H2O)6]. 

C16H34Cu2O20 

Dark  

green 
673.52 >300 70 

28.51 

(28.53) 

5.05 

(5.09) 

  47.51 

(47.51) 

18.71 

(18.87) 
- 7.1 
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C

C

C

CH3

OC2H5

HO

O

CH2 CH2 C

C

C

C2H5O

H3C

O

M

OH

M

X
X

X

Y

Y

Y

Y X

M=Mn(II),    X=OAc,   Y=H2O    n = 0 ,     Complex(2)

M=Co(II),     X=OAc,   Y=H2O    n = 0 ,     Complex(3)

M=Ni(II),      X=OAc,   Y=H2O    n = 0 ,     Complex(4)

M=Cu(II),     X=OAc,   Y=H2O    n = 0 ,     Complex(5)

M=Zn(II),     X=OAc,   Y=H2O    n = 2 ,     Complex(6)

M=Pb(II),     X=OAc,   Y=H2O    n = 0 ,     Complex(7)

nH2O

      

C

C

C

CH3

OC2H5

HO

O

CH2 CH2 C

C

C

C2H5O

H3C

O

M

OH

M

X
Y

X

Y

Y

Y

Y Y

M=Ca(II),    X=SO4,   Y=H2O     ,     Complex(8)

M=Mn(II),    X=SO4,   Y=H2O     ,     Complex(9)

M=Fe(II),    X=SO4,   Y=H2O     ,     Complex(10)

M=Zn(II),    X=SO4,   Y=H2O     ,     Complex(14)

M=Pb(II),    X=SO4,   Y=H2O     ,     Complex(15)

M=Cu(II),    X=SO4,   Y=H2O     ,     Complex(16)  
 

C

C

C

CH3

OC2H5

HO

O

CH2 CH2 C

C

C

C2H5O

H3C

O

M

OH

M

X
Y

X

Y

Y

Y

Y Y

M=Co(II),   X=SO4 ,    Y=H2O    n = 2 ,      Complex(11)

M=Ni(II),    X=SO4 ,    Y=H2O    n =2  ,      Complex(12)

M=Cu(II),   X=SO4 ,    Y=H2O    n =2  ,      Complex(13)

nH2O

      

C

C

C

CH3

OC2H5

HO

O

CH2 CH2 C

C

C

C2H5O

H3C

O

M

OH

M

X
X

X

Y

Y

Y

Y X

M=Cu(II),   X=Cl ,     Y=H2O      ,      Complex(16)

M=Cu(II),    X=I  ,     Y=H2O      ,      Complex(17)  
Figure 1: Proposed structures of the ligand (1) and its metal complexes 

 

Mass spectra  
 

Mass spectrometry was used to confirm the molecular ion peaks of [H2L] Schiff base 

and investigate the fragment species. The recorded mass spectrum of [H2L] ligand revealed 
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molecular ion peak confirms strongly the proposed formula. It showed a molecular ion peak 

at m/e 286 amu, confirming its formula weight (F.W. 286) and the purity of the ligand 

prepared. The prominent mass fragmentation peaks  observed at m/z = 82, 106, 125, 131, 161, 

172, 186 , 231, 246, 257, 270 and 286 amu corresponding to C6H10, C8H13, C8H13O,  C8H19O, 

C10H25O , C10H20O2, C11H22O2, C12H10O5,  C13H10O5, C13H21O5,  C14H20O5,and C14H22O6 

moieties respectively supported the suggested structure of the ligand (Table 2,i). 

 
Table (2) :i. Mass spectrum of the ligand [H2L] (1) 

 

m/z Rel. Int. Fragment 

82 42.64 C6H10 

109 31.14 C8H13 

125 40.80 C8H13O 

131 100.0 C8H19O 

161 66.57 C10H25O 

172 13.71 C10H20O2 

186 33.78 C11H22O2 

231 37.74 C12H10O5 

246 47.72 C13H10O5 

257 61.64 C13H21O5 

270 47.62 C14H20O5 

286 14.13 C14H22O6 

 

  The mass spectrum of the [(H2L)( Ca)2 (SO4)2(H2O)6] complex (8) showed the 

molecular ion peak at m/z 666 amu, confirming its formula weight (F.W. 666).The mass 

fragmentation patterns observed at m/z = 46, 92, 118, 145, 157, 320, 400, 500, 578,602,631 

and 666 amu correspond to C3H10, C6H20, C8H22, C9H21O , C10H21O , C10H24O11 , C10H24O14S , 

C11H24O17SCa , C11H30O19SCa2 , C13H30O19SCa2, C14H31O20SCa2 and C14H34O20S2Ca2 moieties, 

respectively, supported the suggested structure of the complex.The data are shown in 

Table(2,ii) 
 

ii. Mass spectrum of Ca (II) complex (8) 
 

m/z Rel. Int. Fragment 

46 28.19 C3H10 

92 43.44 C6H20 

118 100.0 C8H22 

145 19.61 C9H21O 

157 42.80 C10H21O 

320 59.41 C10H24O11 

400 56.47 C10H24O14S 

500 29.10 C11H24O17SCa 

578 43.85 C11H30O19SCa2 

602 69.42 C13H30O19SCa2 

631 52.69 C14H31O20SCa2 

666 44.14 C14H34O20S2Ca2 
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1H-NMR spectra of the ligand and its Zn(II) complex (14): 
 

The 1H-NMR spectra of ligand and Zn(II) complex (14) in deutrated DMSO show 

peaks consistent with the proposed structures. The 1H-NMR spectrum of the ligand shows 

chemical shift observed as singlet at 4.1 ppm which is assigned to CH group. The chemical 

shifts which appeared as triplet at 3.6 ppm is attributed to the (CH3). However, the chemical 

shifts appeared as a singlet at 2.0 ppm is attributed to the proton of CH2 group22. By comparison 

the 1H- NMR of the ligand and the spectrum of the Zn(II) complex (14) The presence of the 

signal shifted to downfield shift characteristic to the OH group indicating that, the ligand 

bonded with the Zn (II) ion in its protonated form22,23. 
 

IR Spectra 
 

The mode of bonding between the ligand and a metal ion revealed by comparing the 

IR spectra of the ligand (1) and its metal complexes (2)-(18). The ligand shows bands in the 

3660-3345 and 3340-2880 cm-1 ranges, commensurate the presence of two types of intra- and 

intermolecular hydrogen bonds24.  Strong bands appeared at 1675 and 1650 cm-1 relatred to 

v(C═O). The medium band appeared at 3130 cm-1 is assigned to  (CH3) group24,25. However, 

the characteristic band of   (CH2) was observed at 3013 cm-1 26. By comparing the IR spectra 

of the complexes (2-18) with that of the free ligand. It was found that, the IR spectra of the 

metal complexes (2-18) show bands in the 3650-3610 cm-1, 3345-3230 cm-1, 3340-3210 cm-1 

and 2974-2363 cm-1 ranges, commensurate the presence of two types of intra-and 

intermolecular hydrogen bonds and also presence of  hydrated or coordinated water 

molecules.26,27 Complexes (2-18) shows  (C=O) band at 1664-1640 range, indicating 

coordination to the metal ion and lowering the value of the group confirming coordinated to 

the metal ion28. In acetate complexes, the acetate ion may be coordinated to the metal ion in 

unidentate manner29. As in the case of acetate complexes (2-7). The spectra show bands in the 

1330-1320 and 1468-1460 cm-1 ranges, assigned to the asymmetric and symmetric stretches 

of the COO- group. The mode of coordination of acetate group has often been deduced from 

the magnitude of the observed separation between the asym.(COO-) and sym.(COO-). The 

separation value ( ) between asym(COO-) and sym.(COO-) in these complexes was in the  

100-140 cm-1 range, suggesting the coordination of acetate group as a monodentate fashion24,29. 

The sulphato complexes (8-15) show bands at (1260-1250 cm-1 ), (1130-1119 cm-1) and (766-

760 cm-1) ranges respectively , which assigned to monodentate sulphate group30. The chloro 

complex (16) showed a new band at 452 cm−1, this band was assigned to (M–Cl), A strong 

bands appeared at 1467, 1325 cm−1 related to carbonate group of complex (18).   Complexes 

(2-18) show bands in the 645-611 cm-1 range respectively are due to  (M-O)26. The IR data 

of the ligand and its metal complexes are shown in table(3).        
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Table 3: IR Frequencies of the bands (cm−1)of Ligand [H2L], (1) and its Metal Complexes 

 

 

υ(M-

O) 

υ(M-

Cl) 

OAc/SO4)) ν (C=O) ν 

(CH2) 

CH3)) 

ν 

υ(H-

bonding) 
ν(OH) ν(H2O) 

No 

- 
- 

 

- 1675, 

1650 

3013 3130 3660-3345, 

3340-2880 
- - 

(1) 

643 
- 1460,1320 1662, 

1645 
3010 3127 3610-3290, 

3280-2784 
3427,3370 

3450-
3280 

(2) 

612 - 1465,1327 1661,16431664, 

1642 

3010 3128 3620-3330, 

3280-2850 

3418,3360 3460-

3270 
(3) 

638 

- 1465,1325 1662,1645 3011 3128 
3650-3330, 

3320-2875 
3420,3395 

3770-
3315 

3470-

3255 

(4) 

620 - 1466,1326 1660,1642 3008 3124 3620-3320, 

3300-2680 

3415,3370 3458-

3320 
(5) 

613 

- 1468,1330 1664,1640 3011 3128 
3630-3288, 

3210-2974 
3423,3366 

3600-
3420 

3410-

3260 

(6) 

625 - 1460,1320 1664,1647 3010 3125 3650-3330, 
3320-2670 

3430,3360 3470-
3300 

(7) 

645 - 1255,1119,766 

 

1664,1646 3011 3126 3650-3270, 

3260-2530 

3425,3365 3460-

3310 
(8) 

611 
- 1259,1124,764 

 
1661,1645 3009 3126 

3630-3320, 

3310-2679 
3410,3380 

3460-
3310 

 

(9) 

617 - 1260,1120,760 
 

1661,1646 3011 3127 3630-3280, 
3270-2970 

3420,3360 3460-
3320 

(10) 

636 

 

- 1250,1120,760 

 

1662,1648 3011 3124 3630-3330, 

3280-2860 
3420,3380 

3460-

3270 
(11( 

635 

- 1252,1130,764 

 

1660,1649 3012 3129 

 3640-3320, 

3310-2973 
3423,3378 

3620-

3410 

3400-

3265 

(12) 

645 

- 1255,1120,765 
 

1661,1647 3010 3129 
3620-3230, 

3220-3720 
3430,3379 

3625-
3430 

3420-

3275 

(13) 

617 

 1254,1120,766 

 

1660,1648 

 

3011 3127 
3620-3280, 
3260-2550 

3430,3380 

3470-

3320 

 

(14) 

630 - 1255,1126,762 

 

1663,1645 3012 3126 3620-3310, 

3300-2650 

3425,3374 3460-

3323 
(15) 

642 

452 - 1661,1644 3012 3126 
3650-3320, 

3310-2867 
3412,3390 

3465-

3310 
 

(16) 

615 

- - 1663,1644 3011 3125 
3640-3260, 

3250-2363 
3433,3370 

3470-

3315 
 

(17) 

640 - 1467,1325 1663,1645 3012 3127 3640-3320, 

3310-2630 

3420,3360 3460-

3300 
(18) 
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Electronic spectra and magnetic moments 

 
The electronic absorption spectral data of the ligand and its metal complexes in DMF 

are listed in Table 4. The ligand showed two bands at 285 and 300 nm. The first band may be 

assigned to 𝜋 →𝜋∗ transition which is nearly unchanged upon complexation, however, the 

second band corresponded to the n → 𝜋∗ and charge transfer transitions of the carbonyl and 

aldehyde  groups30, 42. These bands were shifted to lower energy upon complex formation, 

indicating participation of these groups in coordination with the metal ions. The electronic 

spectra of copper (II) complexes (5), (13) and (16-18) were nearly identical and showing bands 

at (285,300,392,475, 565and 605 nm), (285,295,380,475,582 and 607nm), (285, 

298,398,448565 and 602 nm), (283,295,390,462,575,607nm) and (285,297,385,470,580,605 

nm)   respectively. The first two bands are assigned to intraligand transitions, however the 

other bands are assigned to 2B1g →2A1g 𝜐1(d𝑥2-𝑦2 → d𝑧2 ),2B→2B2g, 𝜐2(d𝑥2-𝑦2 → d𝑥𝑦), and 2B1g 

→2Eg, 𝜐3(d𝑥2-𝑦2 → d𝑥𝑦, d𝑦𝑧) transitions, respectively. These transitions indicated that, the 

copper (II) ion has a tetragonally distorted octahedral geometry. This could be due to the Jahn-

Teller effect that operates on the d9 electronic ground state of six coordinate system, elongating 

one trans pair of coordinate bonds and shortening the remaining four ones43.The magnetic 

moments for copper(II) complexes at room temperature were in the 1.69-1.7 range B.M; 

supporting that the complexes have octahedral geometry44. The spectra of cobalt(II) complex 

(3) and (11), showed signals at (282,298,390,575 and 610 nm ) and (282,295, 380,465,572 and 

605 nm) The first bands are due to intraligand transitions however , the other bands assignable 

to 4Tlg(F)→4T2g(F)(ν1), 4Tlg(F)→4A2g(F)(ν2) and 4Tlg(F)→4T2g(P)(ν3) transitions respectively, 

suggesting octahedral cobalt(II) geometries. Nickel (II) complexes (4) and (12) displayed 

bands at (282,298,385,435,570,603 and 745 nm) and (286,292,385, 465,575,600 and 752 nm) 

respectively. The  first bands are corresponding to intraligand transition, however, the other 

bands are due to 3A2g(F)→3T2g (𝜐1), 3A2g(F) →3T2g(F) (𝜐2),and 3A2g(F) →3T1g(P) 𝜐3 transitions, 

indicating octahedral nickel(II) complex of the 𝜐2/𝜐1 =1.2 and 1.1 indicating distorted 

octahedral structures26,45. The values of magnetic moments for nickel (II) complexes (4) and 

(12) were 2.83and3.12 B.M., which are consistent with two unpaired electrons state, 

confirming octahedral geometry around nickel (II) ion45. Manganese(II) complexes (2) and 

(9) displayed bands at (270, 310, 470, 530 278,296,390,450,560 and 605nm) and  

285,300,425,545 and 605 nm) respectively, the first bands are due to intraligand transitions, 

however,  the other bands are assigned to 6A1g →4Eg, 6A1g →4T2g, and 6A1g →4T1g transitions, 

respectively, corresponding to an octahedral structure for manganese(II) complex43,46. Since 

all the excited states of Mn(II) ion either quartets or doublets, the absorption spectra of Mn(II) 

ion have only spin forbidden transitions. Therefore, the intensity of transitions was weak. The 

value of magnetic moments for manganese (II) complex (2) and (9) are 6.1 and 6.3 B.M 

respectively. which are consistent with high spin octahedral geometry for manganese(II) 

complex41,47. The electronic absorption spectrum of iron(III) complex (10) showed bands at 

285,298,395,485,582 and 612 nm assignable to 6A1g
4A1g(G), and 6A1g 

4T2g(G) transitions 

respectively. However the magnetic moment value of iron(III) complex is 6.3 BM which 
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confirmed a high spin octahedral structure around iron(III) ion. The observed bands for zinc(II)  

complexes (4) and(6), lead (II) complexes (7)and(15) and calcium(II) complex (8) (Table 4) 

are due to intra ligand transitions within the ligand and show diamagnetic property37-50. 
 

Table 4: The electronic absorption spectral bands (nm) and magnetic moments (B.M.) for the 

ligand [H2L] (1), and its complexes 
 

λmax
  (nm) eff in B.M. 

285,300  

278,296,390,450,560 and 605 6.1 

282,298,390,575 and 610 4.93 

282,298,385,435,570,603 and 745 2.83 

285,300,392,475 , 565,605 1.70 

280,300,360 Dimag 

282,298,365 Dimag 

280,300,370 Dimag 

285,300,425,545 and 605 6.3 

285,298,395,485,582 and 612 6.3 

282,295,380,465,572 and 605 4.62 

286,292,385,465,575,600 and 752 3.12 

285,295,380,475,582 and 607 1.69 

285,298,358 Dimag 

285,300,360 Dimag 

285,298,398,448565 and 602 1.71 

283,295,390,462,575,607 1.7 

285,297,385,470,580,605 1.69 

 

Electron spin resonance (ESR) 

 

To obtain further information about the stereochemistry and the nature the metal 

ligand bonding38, ESR spectra of solid copper (II) complexes (13) and (16-17) (Table 5) have 

been carried out. Copper(II) complexes (16) and (17) showed isotropic type with giso = 2.11 

and 2.11, indicating distorted octahedral structure The spectrum of complex (13) showed that, 

the complexes exhibited anisotropic signals with g  = 2.1, g  = 2.24,. These values are 

characteristic for a species d9 configuration with an axial symmetry type of dz2 ground state 

giso. The values of g  and g  are closer to 2.00 and g  > g   > ge (2.0023) indicating that, the 

complexe possessed a compressed tetragonal distortion copper(II) geometry corresponding to 

an elongation along the four fold symmetry z-axis45-50. However, the spectra showed that, the 

complexes  of Mn(II)  complexes (2) and (9), complex Co(II) complexes (3) and (11), Fe(III) 

complex (10)  exhibited  isotropic  signals  with  giso values  = 2.07, 2.02, 2.01,2.09 and 2.12, 

indicating distorted octahedral structure with covalent bond character. The ESR data are 

shown in Table (5). 
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Table 5 . ESR data for some metal (II) complexes 
 

 

Thermal analyses (DTA and TGA) 
 

The thermal data of the complexes are given in Table 6. Such data corroborate the 

stoichiometric formula, number of water molecules, and the end products29,59. Thermogravic 

data of complexes (4), (6), (9), (11) and (17) were introduced as representative examples. 

Thermogram of complex (4) [(L) (Ni)2 (OAc)4(H2O)4]. Exhibited five-steps decomposition, 

the first step involving breaking of H-bondings accompanied with endothermic peak at 50 oC.  

In the second step, four molecules of coordinated water molecules were losted endothermically 

with appearance of a peak at 140oC accompanied by 10.14% (Calc. 10.13%) weight loss. The 

weight loss 36.51 (Calc.36.49%) accompanied by an endothermic peak at 275 oC was assigned 

to loss of four acetate groups (OAc). The endothermic peak observed at 370o C refers to the 

melting point of the complex. The final step  was observed as exothermic peaks in  the 450-

625 0C range with 36.90% weight loss (Calc. 36.97%), refers to complete  oxidative 

decomposition of the complex which ended up with the formation of (2NiO). Complex (6) 

[(L) (Zn)2 (OAc)4(H2O)4].2H2O exhibited multiple decomposition steps, the first step 

involving breaking of H-bondings accompanied with endothermic peak at 45 oC.  In the second 

step, two molecules of hydrated water molecules were lost endothermically with a peak at 85 
oC accompanied by 4.95% (Calc.4.96%) weight loss,.then four molecules of coordinated water 

molecules were losted endothermically with a peak at 120-140 oC range accompanied by 

10.41% (Calc 10.44%) weight loss.38.21% (Calc 38.24%) weight loss accompanied by an 

endothermic peak at 260 oC was assigned to loss of coordinated  four  acetate groups (OAc). 

The endothermic peak appeared at 360 oC refers to the melting point of the complex. The final 

step  was observed  as exothermic peaks at 410-650 0C range with 42.50% weight loss (Calc 

42.57%), refers to complete  oxidative decomposition of the complex which ended up with the 

formation of (2ZnO). Complex (9) [(L) (Mn)2 (SO4)2 (H2O)6] exhibited multiple 

decomposition steps, the first step involving breaking of H-bondings accompanied with 

endothermic peak at 55 oC.  In the second step, six molecules of coordinated water molecules 

were lost endothermically with a peak at 90 oC accompanied by 5.50% (Calcd 5.51%) weight 

loss. 32.63% (Calc 32.65%) weight loss accompanied by an endothermic peak at 280  oC was 

assigned to loss of two coordinated sulphate groups (2SO4). The endothermic peak observed 

No. g  g  giso
 A  

(G) 

A  

(G) 

Aiso 

(G) 
G  

(2) - - 2.07 - - - - 

(3) - - 2.02 - - - - 

(9) - - 2.01 - - - - 

(10) - - 2.09 - - - - 

(11) - - 2.12 - - - - 

(13) 2.1 2.24 2.19 100 10 40 0.41 

(16) - - 2.13 - - - - 

(17) - - 2.11 - - - - 
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at 370 oC refers to the melting point of the complex. The final step observed  as exothermic 

peaks at 440-600 0C range with 35.1% weight loss (Calc 35.8%), refers to complete oxidative 

decomposition of the chelate which ended up with the formation of( 2 MnO) .Complex (11) 

[(L)(Co)2(SO4)2(H2O)6]2H2O exhibited multiple decomposition steps, the first step involving 

breaking of H-bondings accompanied with endothermic peak at 50 oC.  In the second step, two  

molecules of hydrated water molecules were lost endothermically with a peak at 90 oC 

accompanied by 5.13% (Calc 5.11%) weight loss. ,.then six molecule of coordinated water 

were lost endothermically with a peak at 120-150 C accompanied by 16.10% (Calc 16.16%) 

weight loss. 34.20  (Calc34.28%) weight loss accompanied by an endothermic peak observed 

at 310  oC was assigned to loss of two coordinated sulphate group (2 SO4). The endothermic 

peak observed at 350 oC refers to the melting point of the complex. The final step observed a 

exothermic peaks  at 450-650 0C range with 40.2% weight loss (Calc 41.1%), refers to 

complete oxidative decomposition of the complex which ended up with the formation of  

(2CoO). Complex (17) [(L) (Cu)2 (I)4(H2O)4] exhibited multiple decomposition steps, the first 

step involving breaking of H-bondings accompanied with endothermic peak at 45 oC.  In the 

second step 7.20% ( Calc 7.25%) weight loss accompanied by endothermic peaks appeared at 

75 oC were assigned to loss of four coordinated water. 55.50  (Calc 55.45%) weight loss 

accompanied by an endothermic peak observed at 280  oC was assigned to loss of 4 coordinated 

iodide  group (4I). The endothermic peak observed at 360 oC refers to the melting point of the 

complex. The final step observed as exothermic peaks  at 440-630 0C range with 38.51 weight 

loss (Calc 38.49%), refers to complete oxidative decomposition of the complex which ended 

up with the formation of (2 CuO). 

 
Antimicrobial activity 

 

In vitro biological screening tests of the ligand and metal complexes (2-6), (11-12), 

(14) and (16-17) were carried out as antibacterial activity and presented in figure 2. The 

antibacterial activity was tested against two bacterial strains; Gram-positive Staphylococcus 

aureus as well as Gram-negative Escherichia coli51-59. The data indicated that, complexes were 

active against bacteria. Complexes of (2-6), (11-12), (14) and (16-17) show antibacterial 

activities against Staphylococcus aureus,   Escherichia coli60-65. The results showed that, the 

order of cytotoxic effect against Gram positive and Gram negative strains for Staphylococcus 

aureus is(4)>(12)=(16)>(5)>(14)>(6)>(2)=(3) =(stabdard)> (11) =(7) > ligand (1), for Escherichia 

coli the order is (11)>(5)=(16)>(14) >(4)=(6)(12) >(17)>(2)>(3)standard>ligand (1). The 

complexes of diethyl 2,5-diacetylhexanedioate are more active for microorganisms and this is 

also indicates that, the increase in the activity of complexes as compared to the parent ligand 

may be due to the complex formation in which the ligand is coordinated to the central metal 

ion through  carbonyl and hydroxyl group leading to an increased biological action against 

Staphylococcus aureus,   Escherichia coli. The zone of inhibition was measured with respect 

to antibiotic control66-73. The histogram of cytotoxicity of the ligand and its metal complexes 

are shown in figures (4) and (5). 
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Table 6: Thermal analyses for some metal (II) complexes 
 

 
Fig. 2: Invitro antimicrobial activity of ligand [H2L] (1) and some of its metal complexes against Escherichia 

Coli and Staphylococcus aureus strains 

Compound No. 

Molecular formula  
Temp. (Co) 

DTA (peak)  TGA (Wt.loss %) 
Assignments 

Endo      Exo   Calc.       Found 

 

Complex (4) 

[(H2L)( Ni)2 (OAc)4(H2O)4]. 

 C22H42Ni2O18 

 

50 endo -  -  - Broken of H-bondings 

140 endo  10.13 10.14 
Loss of 4(H2O) coordinated 

water molecules 

275 endo - 36.49 36.51 
Loss of  coordinated(4  OAc ) 

group 

370 endo  - - Melting point 

450,530,610,625 - exo 36.97 36.90 
Decomposition process with the 

formation of (2NiO) 

 

Complex (6) 

 

[(H2L)(Zn)2(OAc)4(H2O)4].2H2O 

C22H46O20Zn2   

 

45 endo - - - Broken of H-bondings 

85 endo - 4.96 4.95 
Loss of 2(H2O) hydrated water 

molecules 

120-140 endo - 10.44 10.41 
Loss of 4(H2O) coordinated 

water molecules 

260 endo - 38.24 38.21 
Loss of  coordinated 4( OAc) 

group 

360 endo  - - Melting point 

410,450,530,600,620,650 - exo 42.57 42.50 
Decomposition process with the 

formation of 2(ZnO) 

 

Complex (9) 

[(L)(Mn)2(SO4)2(H2O)6]. 

C14H34Mn2O20S2 

 

 

 

55 endo - - - Broken of H-bondings 

90 endo - 5.51 5.50 
Loss of 6 (H2O) coordinated  

water molecules 

280 endo - 32.65 32.63 
Loss of  coordinated 2(SO4) 

group 

370 endo - - - Melting point 

440,480,500,520,600 - exo 35.8 35.1 
Decomposition process with the 

formation of 2 (MnO) 

 

Complex (11) 

[(H2L)(Co)2(SO4)2(H2O)6]2H2O 

C14H38Co2O22S2 

50 endo - - - Broken of H-bondings 

90 endo - 5.11 5.13 
Loss of (2H2O) hydrated water 

molecule 

120-150   16.16 16.10 
Loss of 6 (H2O) coordinated 

water molecule 

310 endo - 34.28 34.20 Loss of coordinated2(SO4) group 

350 endo - - - Melting point 

450,530,600,620,650 - exo 41.3 40.2 
Decomposition process with the 

formation of 2( CoO) 

Complex (17) 

[(H2L)(Cu)2(I)4(H2O)4]. 

C14H30Cu2I4O10 

45 endo - - - Broken of H-bondings 

75 endo - 7.25 7.20 
Loss of 4 (H2O) coordinated 

water molecules 

280 endo - 55.45 55.50 Loss of coordinated 4(I) group 

360 endo - - - Melting point 

440,470,560,630 - exo 38.49 38.51 
Decomposition process with the 

formation of 2 (CuO) 
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    Ligand          Antibiotic 

 

 

             
 

Complex (4)                                             Complex (17)                                        Complex (14) 

 

 

                 
 

Complex (16)                                 Complex (6)                                     Complex (5) 

 

 

         
 

Complex (2)              Complex (12)        Complex (3)    Complex (11) 

 
Fig. 3: Histograms of cytotoxicity of antibiotic and tested ligand [H2L] (1) and metal complexes against 

Staphylococcus aureus 
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    Ligand             Antibiotic 

 

          
Complex (4)         Complex (11)         Complex (6)      Complex (3) 

 

      
       Complex (12)        Complex (2)   Complex (5)   Complex (16) 
 

                        
          Complex (17)   Complex (14) 

Figure (4): Histograms of cytotoxicity of Antibiotic of tested Ligand [H2L](1) complexes against Escherichia 

coli 

 

CONCLUSION  

 

In the present study, new metal (II) complexes of diethyl-2,5-diacetylhexane dioate  

were prepared. Structural and spectroscopic properties revealed that, the ligand adopted a 

tetradentate ligand fashion; on the other hand, the metal complexes adopted a tetragonal 

distorted octahedral geometry around metal ions. All the complexes are non-electrolytic in 
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nature as suggested by molar conductance measurements. The ligand coordinated to the central 

metal ion forming six -membered rings including the metal ions. The microbial activities of 

the ligand as well as some of its metal complexes were assessed that, the toxicity of metal 

complexes was found to be more active than ligand against Gram-positive Staphylococcus 

aureus as well as Gram-negative Escherichia coli.   
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