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ABSTRACT  

In the present work, a combined experimental and computational study of three new DHA chelates 

namely [Co(DHA)2.2DMSO] (1), [Ni(DHA)2.2DMF] (2) and [Zn(DHA)2.2DMF] (3), (DHA = 3-

Acetyl-4-hydroxy-6-methyl-2-oxo-2H-pyran) is reported. Synthesized compounds are characterized 

by FT-IR which indicates the metal coordination via both oxygen atom, while single-crystal X-ray 

crystallography confirms the chelates structure as mononuclear complexes having a distorted 

octahedral coordination geometry of type MO6 with intermolecular C–H···O bonds. Structures 

and electronic properties investigated in the framework of the density functional theory (DFT) are 

in good agreement with experimental results. Besides, a comparative evaluation of in vitro 

antibacterial potential of DHA and derivatives exhibits better results for DHA free ligand, even 

close to the effect of antibiotics used as references, highlighting the role of hydroxyl function in 

case of this application. 
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1.Introduction                                                                                                                                                                  

The multifarious role of transition metal complexes in biochemistry has stimulated great interest in 

the synthesis of new chelates with donor groups, due to the wide range of pharmacological activities 

of such compounds [1-3]. Mixed d-transition metal–ß-diketone compounds were used extensively 

as starting materials in metallo-cene chemistry [4]. Dehydroacetic acid (DHA = 3-acetyl-4-hydroxy-

6-methyl-2H-pyran-2- one) [5], derived from pyrone, or isolated from natural sources (Solandra 

nitida) [6,7], is a versatile starting material for the synthesis of a wide variety of heterocyclic ring 

systems [8-10]. While the pharmacology and toxicology of DHA have been carefully studied [11], 

this compound is used as a food additive [12-14], a stabilizer for cosmetics and pharmaco kinetic 

products [15,16], an antiseptic agent [17,18], an herbicide [19], and it is also used as a plasticizer in 

a variety of synthetic resins [20]. Furthermore, studies have shown that similar structural analogs 

and their chelates have a very interesting biological properties [21-24]. For example, Ru(II) and 

Ru(III) complexes of dehydroacetic acid have been explored for their biological activities such as 

DNA-binding, antibacterial and antifungal activities [25-26]. This has motivated the present study 

on the synthesis and structural characterization of dehydroacetic acid complexes as potent 

antibacterial agents. Our comparative study exhibits the role of the structure on the activity 

performance. 

 The present paper reports the synthesis, characterization, and antibacterial potential of DHA based  

cobalt(II), Nickel(II) and Zinc(II) chelates. Several physicochemical analyses were used including 

FT-IR spectroscopy and single-crystal X-ray analysis. Computational studies in the framework of 

the density-functional theory (DFT) were performed in order to rationalize the experimental results 

and structural properties.  

 

2. Experimental 

 2.1Measurements and materials 

Chemicals were purchased from commercial sources and, unless specified, were used without 

further purification. Melting points were determined with a digital melting point apparatus using 

capillary technique. Infrared (IR) spectra were recorded with a Shimadzu FTIR-8010M 

spectrometer between 400 and 4000 cm-1 (KBr disks). 

 2.2 Crystallographic analyses 

Suitable crystals were selected and mounted on a Gemini kappa-geometry diffractometer (Rigaku 

OD, 2018) equipped with an Atlas CCD detector and using Mo radiation ( λ = 0.71073 Å). 



Intensities were collected at 150 K by means of the CrysalisPro software [27]. Reflection indexing, 

unit-cell parameters refinement, Lorentz-polarization correction, peak integration and background 

determination were carried out with the CrysalisPro software [27]. An analytical absorption 

correction was applied using the modeled faces of the crystal [28]. The resulting set of hkl was used 

for structure solution and refinement. The structure was solved with the ShelXT [29] structure 

solution program using the Intrinsic Phasing solution method and by using Olex2 [30] as the 

graphical interface. The model was refined with version 2018/3 of ShelXL [31] using Least Squares 

minimization. The DIAMOND package and Mercury for Windows programs were used for 

generating figures of structures[32,33]. 

2. 3. Computational details 

Geometries of DHA, and derivatives [Co(DHA)2.2DMSO] (1), [Ni(DHA)2.2DMF] (2) and 

[Zn(DHA)2.2DMF] (3) were optimized using the range-separated hybrid CAM-B3LYP functional 

[34]. Co, Ni and Zn atoms were described though relativistic core potentials (ECPs) and associated 

basis sets [35], while the 6-31G+(d) basis sets were used for other atoms (N, O, S, C, H) [36]. 

Harmonic frequency analysis was performed to guarantee that optimized structures are local 

minima. All calculations have been performed using the Gaussian 09 program package [36]. 

 2.4. In vitro antibacterial activity 

The title compounds (DHA and metallocomplexes derivatives 1-3), were screened in vitro to 

evaluate their antibacterial activity against four referential strains, Escherichia coli ATCC 25922, 

Pseudomonas aeruginosa ATCC 27853 and Klebsiella pneumonia ATCC 700603 Gram-negative, 

Staphylococcus aureus ATCC 25923 Gram-positive, using the disc diffusion method [ 37-39]. 

Sterilized Petrie dishes were filled with a Muller-Hinton agar medium, then, 100 µl of bacterial 

inoculums at 0,5 ×106 CFU ml-1 turbidity concentration were applied on plates surface using 

sterilized swab. Discs are impregnated with 10 µl of the synthesized compounds at 25mg/ml in 

DMSO concentration and put on the medium surface, a disc with only DMSO was used as negative 

control. The plates were incubated 24 h at 37°C, afterward, diameters of zones inhibition were 

measured in millimeters (mm). All sample tests were performed in triplicate measurements to 

obtain mean standard deviation (S.D) values. 

Investigations on Minimum inhibitory concentration (MIC) values were carried on by a micro 

dilution method using liquid Mueller-Hinton medium. For this, intermediates concentrations from 

12.5 mg/ml to 0.78 mg/ml were obtained by semi-logarithmic dilutions of reason 2, then the 

dilutions tubes were inoculated by 20 µl of bacterial suspension (0,5 ×106 CFU. ml-1), and 280 µl of 

liquid MH were added to all tubes, the final concentrations of tested compounds in tubes are from 



3.125 to 0.195 mg/ml (Table 1). The tubes were incubated 24 h at 37°C [40]. MIC value is 

considered to be the lowest concentration that inhibits the ocular growth of bacteria after incubation 

of 24h.   

 

The minimum bacterial concentration (MBC) value is the lowest synthesized compounds 

concentration that killed 99, 9% of tested bacteria. The MBC test was added to complete the MIC 

test, as the tested compounds showed a great turbidity in solution. For this swab, striations of the 

obtained dilutions were applied on agar MH plates, with witness plates without antibiotics, besides 

a series of dilutions: 1/10, 1/100, 1/1000, 1/10000 of the different tested bacterial inoculums at 

0.5 × 106 CFU ml-1. The turbidity concentration was sub cultured using striations on solid MH 

medium for comparison. All essays were incubated 24 h at 37°C [41].  

 

Table 1. Dilution technique in liquid medium 

N° 

Tubes 

Volume of added antibiotic Intermediate 

concentration 

(mg/ml) 

Supplemental 

volume MH 

(µl) 

Inoculum 

(µl) 

Final 

concentration 

(mg/ml) 

1 100 µl of the solution 25 mg/ml 12.5 280 20 3.125 

2 100 µl of the solution 12.5 mg/ml 6.25 280 20 1.562 

3 100 µl of the solution 6.25 mg/ml 3.125 280 20 0.781 

4 100 µl of the solution 3.12 mg/ml 1.56 280 20 0.39 

5 100 µl of the solution 1.56 mg/ml 0.78 mg/ml 280 µl 20 µl 0.195  

  

 

2.5. Synthesis of complexes 

 

General procedure:  To a solution of 2 equiv of DHA dissolved in acetone, 1 equiv of the 

appropriate metal salt was added. The solution was stirred at room temperature for 1h30min for 

complexes of Co and Ni, and 6h for Zn complex.  The resulting solid was recovered by filtration 

and washed with cold water, then dried in air. Suitable crystals for X-ray diffraction were collected 

by slow evaporation at room temperature from dimethylsulfoxyde for Co(II) and 

dimethylformamide for Ni(II) and Zn(II) complexes.                                                                                



3. Results and discussion 

The synthesis of complexes (Scheme 1) was carried out at room temperature by addition of the 

appropriate salts (1 equiv. to 2 equiv. of DHA). The synthesized complexes are solids, air stable and 

do not require special precautions for storage. They are all poorly soluble in organic solvents such 

as ethanol, methanol and n-butanol. But they are all soluble in dimethylsulfoxide (DMSO) and 

dimethylformamide (DMF). The molecular structures of complexes were characterized by IR and 

single crystal X-ray diffraction analysis. 

Bis(3-acetyl-6-methyl-2-oxo-2H-pyran-4-olato)bis(dimethyl sulfoxide) cobalt(II) 

[Co(DHA)2.2DMSO] (1). Yield 88%, mp > 260°C, pink solid. IR spectrum, ν, cm-1:1670 (C=O, 

lactones), 1625 (C=O, acetyl), 3377 (C-O, hydroxyl), 595 (O-M), 1050 (C-O-C).  

Bis(3-acetyl-6-methyl-2-oxo-2H-pyran-4-olato)bis(dimethyl formamide) nickel(II)  

[Ni(DHA)2.2DMF] (2). Yield 80%, mp=243°C, green solid, IR spectrum, ν, cm–1:1667 (C=O, 

lactones),  1583 (C=O, acetyl), 3377 (C-O, hydroxyl), 600 (O-M), 1010 (C-O-C). 

Bis(3-acetyl-6-methyl-2-oxo-2H-pyran-4-olato)bis(dimethyl formamide) zinc(II) 

[Zn(DHA)2.2DMF] (3). Yield:  93%, mp=178°C, white solid, IR spectrum, ν, cm–1:1670 (C=O, 

lactones), 1575 (C=O, acetyl),     3377 (C-O, hydroxyl), 620 (O-M), 1000 (C-O-C). 
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 Scheme 1. Synthesis of metal complexes. 

 

3.1 Infrared spectra 

DHA ligand has a strong band in the range 1734-1581 cm-1 corresponding to the υ(C4=O) lactones 

stretching frequency (Figure 1). The band observed around 1680 cm-1 is assigned to υ(C=O) acetyl 

of DHA. This strong band is shifted to a higher wave in the spectra of metal (II) complexes. This 

indicates the coordination of keto (C=O) and (C-O(hydroxyl)) groups to the metal atom in complexes. 

In the spectra of the complexes, the appearance of new bands in the region 600-550 cm-1 can be 

attributed to M-O bands [1,49]. 

 

 



 

Figure 1. Experimental (a) and theoretical (b) infrared spectra of DHA, [Co(DHA)2.2DMSO], 

[Ni(DHA)2.2DMF] and [Zn(DHA)2.2DMF] complexes. 

 

3.2 Crystallographic studies    

The crystals of molecules were grown in DMSO or DMF solution through slow evaporation 

process, then suitable crystals were collected and analyzed through single crystal X-rays diffraction 

analysis. Compound (1) crystallized in a monoclinic system, P21/c space group with two units per 

cell (Z = 2), whereas (2) and (3) crystallized in a triclinic system P-1 space group with two units per 

cell (Z = 2) too. The main crystal parameters are reported in Table 2. Some selected bond distances 

and angles are listed in Table 3. The asymmetric unit of the three complexes contains one 

independent molecule. The numbering schema and displacement ellipsoid plot of (1), (2), (3) are 

shown in Figure 2. 

In the structure of the mononuclear complexes, the CoII, NiII and ZnII atoms lie on an 

inversion center and have a distorted octahedral coordination geometry of type MO6. The 

bidentate dehydroacetic acid (DHA) ligands occupy the equatorial plane of the complexes in a 

trans configuration, each chelating the metal through two oxygen atoms, while the 



dimethylsulfoxide (DMSO) for Co(II) and dimethylformamide (DMF) for Ni and Zn molecules 

fill the two axial sites via their oxygen atom. The average bond lengths and bond angles parameters 

of complexes are in the normal ranges [24, 42-44]. The bond lengths of M–O in three complexes 

are close to each other (Table 3). In the crystalline structure of (1), the cations and anions are 

arranged in the layers parallel to the (010) plane along the b axis (Figure 3(a)). In (2) and (3), the 

crystal packing can be described as double layers, planes along the b axis (Figure 3(b)) and (c)). All 

The complexes present intermolecular C–H···O bonds (Table 4). 

 

Table 2. Crystallographic data and structure refinement details for complexes 1, 2 and 3.  

Compound (1) (2) (3) 

Empirical formula C20H26CoO10S2 C22H28N2O10Ni C22H28N2O10Zn 

Formula weight, g/mol 549.46 539.17 545.83 

Crystal description         Needle Needle Plate 

Space group P21/n P-1 P-1 

Crystal system Monoclinic  Triclinic Triclinic 

F(000) 570 282 284 

Refinement method full-matrix least-squares on F2 

a/Å 11.2686(13) 7.6695(7) 7.6695(7) 

b/Å 6.2346(9) 8.1780(9) 8.1780(9) 

c/Å 16.412(2) 9.5238(9) 9.5238(9) 

α/° 90 84.416(8) 84.416(8) 

β /° 92.966(11) 86.543(7) 86.543(7) 

γ/° 90 77.522(8) 77.522(8) 

V/Å3 1151.5(3) 579.99(10) 579.99(10) 

Z 2 1 1 

Temperature/K 100.00(10) 100.00(10) 100.00(10) 



θ Range for data                      
collection (°) 

3.496–29.658 3.199-29.689 3.199-29.689 

Radiation Mo Kα(λ= 0.71073) Mo Kα(λ= 0.71073) Mo Kα(λ= 0.71073) 

Dcalcd (g/cm-3) 1.585 1.563 1.563 

Range/indices (h, k, l) -15≤ h ≤14-7≤ k ≤8  
22≤ l ≤20 

-10 ≤ h ≤10                              
-11 ≤ k ≤11                           
--12 ≤ l ≤13 

-10 ≤ h ≤10                              
-11 ≤ k ≤10                          
--13≤ l ≤13 

Ref Nmb of reflections                 
measured 

13703 15294   15294 

      independent  
reflections 

2966 2942 2985 

Reflections with I > 2σ(I) 2442 2411 2735 

Number of parameters 155 164 165 

Absorptioncoefficient(mm−

1) 

0.981 1.120 1.120 

Goodness-of-fit (GOF) 1.086 1.049 1.121 

wR(F2) 0.1253 0 .1211 0.0924 

Rint 0.0515 0.0515 0.0392 

Max / min δp (e /Å3) 0.122 /−1.171 0.105/-0.860 0.614/-0.860 

 



 

(1) 

 

 

(2) 



 

(3) 

Figure 2. View of the molecular structure of (1-3) complexes. 

 

Table 3. Selected bond distances (Å) and angles (°) for DHA chelates. 

Bond                      Bond lengths (Å) Bond Angle                       Angle(◦) 

(1) 

Co1– O1              
Co1–O2                                             
Co1– O3                           

2.1487(19)      
2.0506(17)   
2.0080(19)      

O2–Co1– O2         
O2–Co1– O1         
O2–Co1– O1         
O3–Co1– O2         
O3–Co1– O2         
O3–Co1– O3         
O3–Co1– O1         
O3–Co1– O1         
O1–Co1– O1                      
C3–O2– Co1           
C6–O3– Co1          
S1–O1– Co1  

180.0               
91.30(7)       
88.70(7)         
94.72(7)       
85.28(7)              
180.00            
89.66(8)        
90.34(8)              
180.00         
132.42(18) 
130.63(17) 
116.40(11)  

(2) 



Ni1–O1                  
Ni1–O2                  
Ni1–O5   

 

Ni1– O1 2.090(2)  
Ni1–O2 
1.9858(19) Ni1– 
O5 2.003(2)  

 

O1–Ni1–O1       
O2–Ni1–O1       
O2–Ni1– O1      
O2–Ni1– O2       
O2–Ni1–O5       
O2–Ni1– O5      
O5–Ni1– O1      
O5–Ni1–O1        
O5–Ni1–O5        
C1–O1–Ni1        
C4–O2–Ni1  

180.00    
91.74(8)      
88.26(8)              
180.00               
87.91(8)      
92.09(8)       
91.11(8)      
88.89(8)              
180.00           
121.95(18) 
127.59(18) 

(3) 

Zn1–O1         
Zn1– O2        
Zn1– O3           

2.0122(15) 
2.0311(15) 
2.1691(17) 

O2– Zn1– O2   
O2–Zn1–O3     
O2–Zn1–O3     
O2–Zn1–O1    
O2–Zn1–O1    
O3–Zn1–O3     
O3–Zn1–O1    
O3–Zn1–O1    
O1–Zn1–O1    
C4–O2–Zn1    
C9–O3 – Zn1  
C1–O1–Zn1  

180.00         
93.63(6)    
86.37(6)   
91.56(6)    
88.44(6)            
180.00            
91.22(6)   
88.78(6)          
180.00      
127.98(14) 
130.67(14) 
121.44(15)  

 

Table 4. Distances (Å) and angles (°) of hydrogen bond for (1), (2) and (3). 

D–H…A d(D–H) d(H…A) d(D–A) D–H–A 

(1) 

C1–H1A… O3 0.96 2.47 3.387(4) 160 

C1–H1B… O4 0.96 2.50 3.334(4) 145 

C2–H2B… O4 0.96 2.50 3.328(4) 144 

(2) 

C1–H1…O2 0.93 2.43 3.004(4) 120 

C2–H2A…O4 0.96 2.59 3.405(4) 143 

C3–H3A…O1 0.96 2.40 2.799(4) 105 

(3) 

C1–H1…O2 0.93 2.48 3.063(3) 121 



C2–H2A…O5 0.96 2.59 3.430(3)        146 

C3–H3A…O1 0.96 2.39 2.795(3)        105 

 

 

(a) 

 

(b) 



 

(c) 

Figure. 3. (a) View of the crystal structure of (1) showing layers in b = 0, ½, and 1; (b) View of 

the crystal structure of (2) showing double layers parallel to (010) plane at c=0 and c=1 along the c 

axis; (c) View of the crystal structure of (3) showing double layers parallel to (010) plane at b=0 

and b=1 along the c axis. 

 

 

3.3. Optimized structure  

 

The optimized structures of [Co(DHA)2.2DMSO] (1), [Ni(DHA)2.2DMF] (2) and 

[Zn(DHA)2.2DMF] (3) have been calculated at DFT level in the gas phase using the CAMB3LYP 

density functional. The bonds lengths and angles are reported in Table 5 together with X-ray 

diffraction data. Calculated values for the complex (1) are in good agreement with experimental 

results. The relative errors of calculated bond lengths are 0.005-0.106 Å and those of angles are 

0.12º-3.07º. For complexes (2) and (3), the calculated bond lengths correlate nicely with 

experimental values with slight deviations within 0-0.04 Å and 0.128-0.694 Å for (2) and (3) 

respectively. The calculated bond angle for (2) and (3) are similar to the experimental values with 

deviations within 0.50-5.65º and 1.14-10.38° for (2) and (3) respectively. 

 

  



Table 5. Selected bond lengths (Å) and angles (°) calculated at DFT/CAM-B3LYP level for 

complexes (1),(2) and (3). 

 

 
 
3.4 Vibrational analysis 

Intense IR absorption bands of DHA and complexes (1), (2) and (3) are calculated at CAM-B3LYP level 

and compared to experimental spectra in Figure 1, Table 6 gives major lines. Globally, the calculated values 

are in good agreement with the experimental data. The value of the υ(C-O)ac band was calculated at 

1262 cm-1  for free ligand and at 1335, 1311 and 1328 cm-1for complexes (1), (2) and (3) respectively. The 

calculated value at 1507 cm-1 is associated with stretching vibration of υ(C-O), the experimental frequency 

has been observed at 1550 cm-1 for free ligand. The experimental υ(C=O) stretching vibrations are 

measured at 1642,1625,1583 and 1575 cm-1 for DHA, (1), (2) and (3) complexes respectively, while these 

bands are calculated at 1734, 1626,1582 and 1578 cm-1 respectively. The experimental peaks at 1718 cm-1 

(DHA), 1670 cm-1 (1) and (3), 1667 cm-1 (2) belong to the ν(C=OLactone) stretching vibrations, and the 

calculated values are 1734 cm-1 (DHA), 1639 cm-1(1), 1674 cm-1(2) and 1667 cm-1(3). These variations of 

υ(C–O) confirm the participation of the oxygen atom in the coordination [45-48]. The experimental 

stretching vibration ν(M-O) is measured at 595, 600 and 620 cm-1 for complexes (1), (2) and (3) 

respectively, in agreement with the calculated frequencies of 601, 624 and 636 cm-1. The coordination 

distances in (1) are in good agreement with those found in four mixed-ligand complexes of Cobalt(II) with 

general composition [Co(DHA)(L)(H2O)2], where LH= β-ketoenolates, o-acetoacetotoluidide (o-aatdH), o-

acetoacetanisidide (o-aansH), acetylacetone (acacH) or 1-benzoylacetone (1-bac) [46]. For the complex of 

nickel, the ν(Ni-O) vibrational frequency (experimental and calculated) is comparable with those measured 

for similar complexes [47]. For ν(Zn-O), it can be envisaged when comparing with N-dehydroacetic acid-

glucosamine already described vibrations [49].  

 

 [Co(DHA)2.2DMSO] (1)   [Ni(DHA)2.2DMF] (2) [Zn(DHA)2.2DMF] (3) 
 CAMB3LYP 

 
 

2.157 
1.945 
1.965 

- 
 
 

87.53 
88.40 
92.73 

- 
- 

Exp. CAMB3LYP 
 
 

2.784 
1.848 

- 
1.854 

 
 

90.54 
- 
- 

91.67 
78.50 

Exp. CAMB3LYP 
 
 

2.159 
2.052 
2.031 

- 
 
 

85.90 
83.63 
89.27 

- 
- 

Exp 
Bond 

lengths(Å) 
M1-O1 
M1-O2 
M1-O3 
M1-O5 

 
Angles  (°) 
O1-M1-O2 
O2-M1-O3 
O3-M1-O1 
O2-M1-O5 
O5-M1-O1 

 
 

2.149 
2.051 
2.008 

- 
 
 

88.70 
88.28 
89.66 

- 
- 

 
 

2.090 
1.986 

- 
2.003 

 
 

91.72 
- 
- 

87.91 
88.88 

 
 

2.169 
2.012 
2.031 

- 
 
 

91.55 
86.37 
88.77 

- 
- 



Table 6. Selected experimental (between brackets) and calculated vibrational frequencies (cm-1) for 
DHA and complexes. 

 

 

3.5 Anti-bacterial activity 

Antibacterial potential of new DHA derivatives against four referential strains, E.coli, 

P.aeruginosa, K. pneumonia, S. aureus, was evaluated  in vitro by disc diffusion  method  using 

Muller-Hinton agar medium. Results are given in Table 7, together with their graphical 

representation shown in Figure 4. The obtained zones of inhibition show good to moderate 

antibacterial activity for title compounds against all tested bacterial strains ; for comparison 

Gentamicine (10μg /disc), and Nalidixique (30μg/ disc) were  used  as  standards. 

Results indicate that all the compounds show moderate to excellent antibacterial activity. Among 

the compounds, DHA exhibits a high activity against all tested strains, complex (1) shows a very 

good activity against S. aureus, complex (2) gives a moderate activity against all tested bacteria, 

complex (3) has a very good activity against K.pneumonia and P.aeruginosa and a moderate one 

against the other tested bacteria. In general, all synthesized compounds show moderate activity 

against E.coli  in comparison with antibiotics used as references. The MBC values reveal that DHA 

has a bactericidal effect ≤ 0.195 mg/ml on all tested strains, and all synthesized compounds (1)-(3) 

have nearly the same bactericidal effect (≤0.195 mg/ml) in case of E.coli bacteria and have no 

bactericidal effect on bacteria with lower sensitivity by disc diffusion method (Table8). 

 

 

Assignment DHA [Co(DHA)2.2DMSO](1)      [Ni(DHA)2.2DMF](2) [Zn(DHA)2.2DMF](3) 

 ν(C-O)ac  

(Stretching) 

ν(C-O) 

(Stretching) 

ν(C=O) 

(Stretching) 

ν(C=OLactone) 

(Stretching) 

ν(M-O) 

(Stretching) 

 

1262 

(1254) 

1507 

(1550) 

1734 

 (1642) 

1734 

(1718) 

- 

- 

 

1335 C3-O2 

(1333) 

- 

- 

1626  C6-O3 

(1625) 

1639  C9-O4 

(1670) 

601 

(595) 

 

1311  C9-O5 

(1300) 

- 

- 

1582 C4-O2 

(1583) 

1642  C7-O4 

(1667) 

624 

(600) 

 

1328  C9-O2 

(1335) 

- 

- 

1578  C4-O3 

(1575) 

1636  C7-O5 

(1670) 

636 

(620) 

 



Table 7. Antibacterial zone of inhibition (mm) of DHA and complexes (1)-(3). All data are 

expressed as the means ± standard deviation (SD) of triplicate measurements. NA and GN refer to 

Nalidixique and Gentamicine respectively. 

 

Coumpounds E.coli    P.aeruginosa K.pneumonia S. aureus 

DHA 15.00±0.00 20.00±0.50 20.00±0.50 15.00±0.00 

(1) 14.00±0.50 12.00±0.00 12.00±0.00 18.00±0.50 

(2) 16.00±0.00 10.00±0.00 15.00±0.50 12.00±0.00 

(3) 15.00±0.50 15.00±0.50 18.00±0.50 13.00±0.50 

NA 42.00 0.00 28.00 22.00 

GN 38.00 24.00 18.00 - 

DMSO 0.00 0.00 0.00 0.00 

 

 

 

 

 

Figure 4. Antibacterial activity of DHA and complexes (1)-(3) against gram-positive and gram-

negative bacteria. 

 

 



Table 8. MIC and MBC (mg/ml) inhibitory values for DHA and derivative complexes (1)-(3). 

Coumpounds E.coli    P.aeruginosa K. pneumonia S. aureus 

 MIC        MBC MIC        MBC MIC     MBC MIC     MBC 

DHA N.D      ≤0.195 N.D      ≤0.195 N.D    ≤0.195 N.D    ≤0.195 

1 N.D         N.A N.D         N.A N.D        N.A N.D        N.A 

2 N.D     ≤0.195 N.D         N.A N.D        N.A   N.D        N.A 

3 N.D      ≤0.195 N.D         N.A N.D        N.A N.D        N.A 

N.A : no activity ; N.D : not possible to detect 

 

4. Conclusions 

Three complexes of Co(II), Ni(II), and Zn(II) derived from dehydroacetic acid (DHA) have been 

successfully synthesized and characterized by single-crystal X-ray analysis and FT-IR 

spectroscopy. In the structure of the mononuclear complexes, the CoII, NiII  and ZnII atoms 

lie on an inversion center and have a distorted octahedral coordination geometry of type 

MO6. Both bidentate dehydroacetic acid (DHA) ligands occupy the equatorial plane of the 

complexes in a trans configuration, each chelating the metal through two oxygen atoms, 

while the dimethylsulfoxide (DMSO) for Co(II) and dimethylformamide (DMF) for Ni and 

Zn molecules, fill the two axial sites via their oxygen atom. FT-IR spectral data of the ligand 

and metal complexes supported by DFT calculations confirm the structural assignment. The in 

vitro antibacterial potential of DHA and derivatives have been evaluated using the disc diffusion 

method. The tested compounds exhibited varying degrees of inhibitory effects on the growth of 

bacterial species compared to referential used antibiotics GN and NA. Results were generally 

better for the free DHA ligand, probably insured by hydroxyl function. 
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