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Abstract: 
 
A total of four new metal complex derivatives of two new ligands 2-(hydroxy(phenyl)-6-

methyl-2H-furo[3,2-c]pyran-3,4-dione (L 1) and 2-(hydroxyl (2-hydroxyphenyl) -6-methyl-

2H-furo[3,2-c]pyran-3,4-dione (L 2) with the metal ions Mn(II) and Cu(II) have been 

successfully prepared in alcoholic medium. The complexes obtained are investigated by 

spectral studies with the use of FT-IR and UV-vis techniques, ESR and magnetic 

measurements. The IR spectra suggest that the oxygen atoms of the two ligands are 

engaged in the bond with the central metal. The electronic spectra of the complexes and 

their magnetic moments provide information about geometries. The molar conductance 

measurements showed that the complexes are non-electrolytes. Theoretical calculations 

invoking geometry optimization and molecular orbital description HOMO and LUMO are 

done using DFT density functional theory. The experimental results and the calculated 

structural parameters, bond distances and angles, revealed a distorted octahedral 

geometries around the manganese and copper  center through the oxygen of the furan ring 

for the synthesized complexes ([M(L)2(H2O)2]nH2O; M : metal; L: ligand). The 

antimicrobial activity of the ligands and their complexes was evaluated in vitro against 

different bacteria and fungi using agar diffusion method. The ligands and their complexes 

of manganese (II) and copper (II) exhibited a strong antifungal activity. Copper and 

manganese complexes have different antibacterial properties against bacteria. The ligand 

L1 and there complexes were found to be more active against Gram-positive than Gram-

negative bacteria.   

 

Keywords: Heterocyclic ligands; ligand derived from the furopyran-3,4-dione; Metal complexes; ESR; DFT, 

Antimicrobial activity.  



1. Introduction: 

In recent years, the coordination chemistry of copper (II) with oxygenated and 

nitrogenous heterocyclic compounds has attracted considerable interest. This can be 

attributed to their stability, biological activity and potential applications in many areas [1, 

2]. Manganese is one of the most important biometals, it is found in the active center of 

many enzymes covering the whole range of functionalities [3].  The study of the biological 

properties of manganese complexes gains increasing interest since such complexes with 

diverse ligands have shown anticancer [4], antibacterial [5] and antifungal [6] activities. 

The oxygen containing hetrocyclic compounds especially the pyrones and their 

derivatives were used for the preparation of transition metal complexes with hetrocyclic 

system are studied extensively because of their biological activities. Pyran-2-ones and 

furan-3-ones are important oxygen heterocycles which are mostly present in the structure 

of a variety of biologically active natural compounds [7-10]. Among organic compounds, 

which can serve as ligands, 2-pyrone ring and its derivatives have received much interest 

because of their many interesting features [11]. They demonstrate a whole spectrum of 

bioactivity and have shown antibiotic, antifungal, cytotoxic, neurotoxic, and phytotoxic 

activities. Simple functionalization of the 2-pyrone ring often leads to compounds with 

new biological activity [12-14]. Furan-3-one-containing molecules continue to attract 

interest, and they have recently reported some valuable anticancer template [15–16]. 

The different complexes with different types of drugs heterocyclic such as imines, 

amines, imidazole groups and ligands containing 2-pyrone ring play an important role in 

biology and medicine areas [17]. These ligands are often used in medicine, for their 

pharmacological properties such as antibacterial activity [18–21]. The metal complexes 

with 2-pyrone derivatives are topic of increasing interest in the bioinorganic and 

coordination chemistry [22–26]. Indeed, we are interested in furopyran-3, 4-dione and its 

derivatives because of their pharmaceutical and chemical importance. They form 

coordination complexes with transition metal ion like Cu (II) and Mn (II). The literature 

survey show that there is no work found to be done on   furopyran-3, 4-diones  metal 

chelate complexes. Therefore, we are involved in the coordination complexes of 

furopyran-3, 4-diones   with transition metal ions like Cu (II) and Mn (II) ions.  

On the basis of previous works and more particularly coordination complexes [27-

31], we have synthesized and characterized manganese (II) and copper (II) complexes 

obtained from furopyran-3,4-diones derivatives as ligands.  



All synthesized complexes have been satisfactorily characterized by elemental 

analysis, magnetic susceptibility measurements in the solid state and various spectroscopic 

techniques such as: FT-IR, UV-vis. The theoretical results obtained with the DFT 

calculations have been correlated with experimental data to confirm the proposed 

coordination mode in the copper and manganese complexes. At the end of our work, the 

antimicrobial activity of the new manganese and copper complexes formed with derived 

furopyran-3, 4-dione ligands was experimentally explored to evaluate their antibacterial 

and the antifungal susceptibilities.  

 

2. Experimental: 
 

2.1 Synthesis of ligands: 

We have recently published synthesis and structure of Novel furopyran-3, 4-dione-

fused heterocycles obtained by a one-pot reaction of α-brominated dehydroacetic acid and 

benzaldehydes under organobase conditions. The prepared 2-[aryl (hydroxy) methyl]-6-

methyl-2H-furo[3,2-c]pyran-3,4-diones were fully characterized by 2D NMR spectroscopy 

and supported by single crystal X-ray analysis to prove the furan-3-one five-membered 

ring-closure [32]. 

 

Fig.1. Schematic representation of the molecular unit present in the asymmetric unit of ligand L1. 

 

Single-crystal X-ray diffraction was performed in order to describe the 3D structure 

of the furopyran-3, 4-dione L 1. Good quality crystals of compound L 1 were isolated from a 

5:2 mixture of hexane–ethanol by a slow evaporation at 6 °C. X-ray diffraction analysis 

revealed the exact structure of L 1, which is in a complete agreement with the 2D NMR 

results [32]. Two asymmetric carbon atoms (C8 and C9 crystallographic numbering, see 

Figure 1) are clearly observed in the crystal structure. Because L 1 crystallizes in 



centrosymmetric P1 triclinic space groups, the unit cell contains the mirror image of the 

organic molecule depicted in Figure 1, leading to a solid-state racemic mixture of two 

possible enantiomers [(2R,1′S) and (2S,1′R)]. Two products were selected as ligands (L1 

and L2) in the synthesis of a new Cu (II) and Mn (II) complexes (see figure 2).  

                    

 

Fig.2.  Structure of derived Furopyran-3, 4-dione ligands; (a) L 1: 2-(hydroxy(phenyl)-6-methyl-2H-furo[3,2-
c]pyran-3,4-dione  and (b) L 2: 2-(hydroxy(2-hydroxyphenyl)-6-methyl-2H-furo[3,2-c]pyran-3,4-dione 

optimized with DFT method. 
 

 2.2 Synthesis of complexes: 

The starting materials for the synthesis of organometallic complexes were 

purchased from Fluka and Aldrich and were used without purification. The used salts are 

of the type of : MnCl2.4H2O and CuCl2.2H2O.  

 

• [Mn(L1)2(H2O)2]H2O and [Mn(L2)2(H2O)2]2H2O: 
A solution of MnCl2.4H2O (1mmol) in ethanol (6 ml) was added drop wise to a solution of 

ligand (2mmol) in a hot ethanol (10 ml) in a 1:2 metal to ligand molar ratio. The resulting 

mixture was heated under reflux for about 16 h. The obtained complexes were washed with 

distilled water and ethanol, dried at 60 °C and finally stored in vacuum desiccators. 

 

• [Cu(L1)2 (H2O)2].H2O and [Cu(L2)2 (H2O)2]2H2O: 
A solution of CuCl2.2H2O (1mmol) in ethanol (6 ml) was added dropwise to a solution of 

ligand (2 mmol) in a hot ethanol (10 ml) in a 1:2 metal to ligand molar ratio. The resulting 

mixture was heated under reflux over 8 h. The obtained complexes were washed with 

distiller water and ethanol, dried at 60 °C and finally stored in vacuum desiccators. 



 2.3 Apparatus and characterizations: 

Elemental analyses were carried out using a Perkin–Elmer Analyser 2400. The 

melting points were determined with a digital melting points apparatus using capillary 

technique. The molar conductance measurements of the compounds (10-3 M) were carried 

out using a JENWAY-4520 conductometer at 25 °C from 10-3 M solution in DMSO 

(Molar conductance of  DMSO = 0.41 Ω-1 cm2 mol-1). IR spectra were recorded on Perkin 

Elmer FT-IR Fourier transform infrared spectrometer, in the range 4000‐400 cm‐1, using 

KBr disks. Electronic absorption spectra in DMSO solutions (10-3 and 10-4M) were 

recorded on an UV‐Visible JASCO V-560 spectrophotometer using quartz cells (0.5 cm) in 

the 900‐200 nm range. The ESR measurements were performed in solution at 115 K and in 

solid state at room temperature, on a Bruker EMX spectrophotometer. The magnetic 

measurements were carried out using SQUID magnetometer in 200-300 K range with an 

applied field 10,000G. 

  

3. Theoretical calculations: 
 

Quantum Chemical calculations were performed with GAUSSIAN 03 program packaged 

[33]. The geometry of the complexes was optimized using Density Functional Theory 

(DFT). All theoretical calculations were carried out at gradient corrected DFT using 

Becke’s three parameter hybrid method and the Lee–Yang–Parr correlation functional 

B3LYP [34-36] combined with LANL2DZ basis set [37-38]. The studied forms of 

complexes were characterized as minima (no negative eigenvalues) in their potential 

energy surface through harmonic frequency analysis and their vibration spectra were 

analyzed using Gauss view software [39]. The oscillation strengths (f), wavelengths (λmax) 

and Solvent effect on absorption UV-vis spectrum were investigated using the TD-DFT on 

the fully DFT optimized geometries. The continuum model (CPCM) was chosen in these 

calculations. 

 

4. Antimicrobial Activity of complexes (in vitro): 
Microorganisms and culture conditions: 

  The antimicrobial activities were tested against standard strains of Gram-negative 

bacteria (Escherichia coli ATCC 4157, Klebsiella pneumoniae ATCC 25955) and Gram-

positive bacteria (Staphylococcus aureus ATCC 6538, Group D Streptococcus ATCC 



25923), and two yeasts (Candida albicans ATCC 24433, Candida tropicalis ATCC 

10233). The antimicrobial activity of ligands and their complexes was determined by agar 

disc diffusion method [40-42]. The molten Mueller Hinton Agar for bacteria and 

Sabouraud dextrose agar media for fungi was inoculated with 100 µL  of the inoculum (106 

CFU/mL) at 40◦C and then poured into the Petri plate (90 mm). Sterile disc (9 mm: 710 

0223, VWR) was saturated with 25 µL of the test compound with the concentration 5 

mg/mL in DMSO and allowed to dry. The disc was then introduced on the layer of the 

seeded agar plate. For each microbial strain, negative controls were maintained and a 

negative effect was observed with DMSO solvent. The bacterial and fungal plates were 

incubated at 37°C for 24 h and at 28 °C for 48 h, respectively. Gentamicine (GEN) and 

Cefotaxime (CTX) were used as a standard reference in the case of bacteria while 

ketoconazole were used as a standard antifungal [43]. The antimicrobial activity was 

determined by measuring the diameter of inhibition zones and the values were compared 

with the standard antimicrobials.  

 

5. Results and discussion: 
 

 5.1 Analytical and physical data of the complexes: 

            The analytical data and physical properties of the complexes are summarized in 

Table 1. The synthesized complexes are totally soluble in DMSO and DMF, partially 

soluble in ethanol and methanol. Their molar conductance data in 10-3M DMSO solution at 

25 °C revealed that they are non electrolyte species [44]. The magnetic measurements for 

manganese complexes fall in the 4.71–4.88 B.M. range, suggesting a high spin Mn (II) in 

an octahedral geometry [49,52]  (Table 1). The observed magnetic moment in the 1.88–

2.01 B.M. range confirms mononuclear Cu (II) compounds with a s=1/2 spin state and an 

octahedral structure [50,56–57,45] ( see Table 1).  

Thus, the elemental analyses along with magnetic moment measurements suggest 

octahedral complexes. In addition, confirmation of the proposed structures of the chelates 

with metal salt was done using other experimental characterization methods namely: UV-

vis, FT-IR and ESR data. The corresponding spectroscopic results will be detailed in the 

spectral sections (see 5.3, 5.4, and 5.5 parts) 

 

 

 



 

 
                        Table 1: Analytical and physical data of the complexes. 

 

* Metal: Manganese Mn or Copper Cu.  

 

5.2 Geometry optimization: 

     On the basis of the Analytical and physical results of these complexes, we suggest that 

the ligands are coordinated in a deprotonated form leading to octahedral complexes 

(neutral complexes). Selected bond distances, angles and dihedral angles for the four 

complexes are listed in Table S1 (in supplementary data SI).  Indeed, according to the DFT 

study, the Cu(II) and Mn (II) adopt a distorted octahedral geometry, where L1 and L2 act as 

a bidentate ligand through both the carbonyl oxygen and charged oxygen  [Mn63O18 = 

2.21Å and Mn63O19 = 2.11 Å and Mn63O49 = 2.26Å and Mn63O50 = 2.098 Å for [MnL1 

(H2O)2].H2O complex]; See figure 3. The ligands form a square planar arrangement of 

above donor groups around the manganese ion. The two other axial sites are occupied by 

water molecules. 

Complexes Exp (Cal)(%) 

C               H                   O                   M*  

Melting 

point °C 

Color Yield (%) 

 

Λ DMSO 

(ΩΩΩΩ-1.cm2.mol-1) 

µeff 

(M.B) 

[Mn(L1)2(H2O)2].H2O 55.89          4.54               31.49              8.51 

(55.34)      (4.30)            (31.95)           (8.44) 

256 Brown 51 

 

22 4.71 

 

[Mn(L2)2(H2O)2].H2O 

 

52.47         4.54          35.37               8.62 

(52.71)       (4.10)         (35.14)            (8.04) 

263 Brown 

 

63 25 4.88 

[Cu(L1)2(H2O)2].H2O 53.58          4.73             33.46              9.81 

(53.13)       (4.43)           (33.06)          (9.38) 

> 300 

 

Green 58 17 1.88 

[Cu(L2)2(H2O)2].H2O 

 

52.35           4.48           34.13              8.86 

(52.06)       (4.05)         (34.70)          (9.18) 

> 300 

 

Green 51 21 2.01 



 

Fig.3. Structure of [Mn(L1)2. (H2O)2].H2O complex optimized at DFT method 

 

Fig.4. Structure of [Mn(L2)2. (H2O)2].H2O complex optimized at DFT method. 

 

It is worthy of note that in [Mn(L 1)2. (H2O)2].H2O complex, the Mn63…O50 and 

Mn63…O19 bond lengths (in the charged Oxygen site) are  shorter than the Mn63…O49 

and Mn…O18 bond lengths (in carbonyl moiety) indicating that the coordination ability in 

deprotonated site of hydroxyl group is stronger than that of carbonyl oxygen of both 

ligands. Similarly for the [Mn(L 2)2. (H2O)2].H2O complex, the Mn65…O51 and Mn65…O19 

bond lengths (in the charged Oxygen site) are  shorter than the Mn65…O50 and Mn…O18 

bond lengths. (See the corresponding values in SI). It is also noticed from the DFT data, 

that the distance of Mn63-O50 in first ligand L1is shorter than that L2 ligand (Mn65-O19) 

in deprotonated site. Hence, the coordination ability of Mn ion of [Mn(L1)2 (H2O)2].H2O is 



slightly stronger than that of Mn ion of [Mn(L2)2 (H2O)2].H2O. In [Mn(L1)2 (H2O)2].H2O 

complex, two aqua (O64H2 and O67H2) molecules are lying in the molecular plane in trans 

position with a bond angle of 147.85° (see fig. 1). Two aqua (O66H2 and O69H2) 

molecules are also lying in molecular plan in [Mn(L2)2 (H2O)2].H2O  complex with a bond 

of 147.039° (see fig.4). The O64Mn63O67 and O66Mn65O69 angles deviate from 

linearity (180) indicating a distortion in the basal plane. 

 

 

Fig.5. Structure of [Cu(L1)2(H2O)2].H2O optimized at DFT method 

 The same general situation was observed for the copper complexes with above 

ligands. It is important to note that, in both copper complexes, the Cu…O coordination 

bond lengths for deprotonated oxygen are also shorter than those of the carbonyl oxygen. 

In parallel, the bond lengths of Cu…O (hydrated) are more important comparing to those 

of manganese complexes and the linearity with aqua molecules and the metallic central is 

more pronounced, this result is justified by the following values of corresponding angles : 

O64-Cu63-O67 (174.209°) and O62-Cu61-O65 (171.978°) for [Cu(L1)2(H2O)2].H2O 

complex and [Cu(L2)2(H2O)2].H2O complex respectively (see figs. 5,6).  

 

 The corresponding calculated structural parameters are dressed in the same table 

in supplementary information SI. Subsequently, we calculated the binding energies of the 



four complexes. We followed the same procedure described in the references [45-47]. 

Thus, the corresponding values of the Mn(L1)2(H2O)2, Mn(L2)2(H2O)2, Cu(L1)2(H2O)2, 

Cu(L2)2(H2O)2 complexes are respectively:  -1.2393, -1.2314, -1.1610 and  -1.1723 

Hartrees. The examination of these negatives values indicates that the metal-ligands 

complexation was thermodynamically favored in all investigated complexes and the 

Mn(L1)2(H2O)2 complex has the highest binding energy (encompassing coordination and 

electrostatic bonds). 

 

 

Fig.6. Structure of [Cu(L2)2(H2O)2].H2O optimized at DFT method. 

 

5.3 Electronic spectra:  

 

The UV-vis spectra of manganese complexes do not reveal bands due to d-d 

transitions within the metal because the orbital d of metals are saturated and d-d transitions 

are not permitted [48-49]. The absence of d-d transition band for these complexes suggest 

the (+II) oxidation state for manganese ion [50-52].  

 



The spectra of these manganese complexes in DMSO solution (10-3M) give a band 

at 21186 cm-1 (472 nm), 22624 cm-1 (442 nm) for the complexes [Mn (L1)2 (H2O)2].H2O 

and [Mn(L2)2(H2O)2].H2O respectively, which might be assigned to charge transfer 

transition L→M (CT). Intense absorption bands were observed on the spectra of 

complexes in the ultraviolet range (see figures 7 and 8). They are due to intra-ligand 

transitions π → π* and n → π*. The appearance of intra-ligand bands shows the existence 

of the ligand within the complex. The suggested band (cm-1) assignments of manganese 

(II) and copper (II) complexes and molar absorption coefficients are summarized in Table 

2. The electronic absorption spectra of the copper complexes recorded in DMSO solution  

(10-3M) reveal three bands in the visible range, the first appears in the field 14045-15361 

cm-1 interval, assigned to the 2B1g
2B2g transition, the second strongest intensity 

located around 14740-17857 cm-1 region attributed to the 2B1g
2Eg transition [53-

55]. A third band observed in the 22427– 27027 cm-1 region for these complexes refers to 

L→M (CT) band.  These transitions are characteristic of octahedral symmetry around the 

Cu (II). The characteristics of these bands are summarized in Table 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2: The main absorbance bands (cm-1) in UV–vis spectra and their assignments of manganese (II) and 
copper complexes. 
 

 

Complexes 

 

Wave Number 

 (cm-1) 

Wave length 

 λ (nm) 

Molar coefficient 

absorption  

(ε : l. mole-1.cm-1) 

Electronic transitions 

[Cu(L1)2(H2O)2].H2O 44248                                                                 226 22500 π π∗ 
 

32895                                                                304 12000 n π∗ 

22472 445 320 Charge transfer 

14045 712 102 2B1g
2B2g 

14749 678 112 2B1g
2Eg 

[Cu(L2)2(H2O)2].H2O 44643 224 12800 π π∗ 
 

32787 305 5460 n π∗ 
 

27027 370 460 Charge transfer 
 

15361 651 23 2B1g
2B2g 

 
17857 560 34 2B1g

2Eg 

[Mn(L1)2(H2O)2].H2O 44248 226 22500 π π∗ 
 

32895 304 12000 n π∗ 

21186 472 423 Charge transfer 
 

[Mn(L2)2(H2O)2].H2O 44643 224 12800 π π∗ 
 

32787 305 5460 n π∗ 
 

22624 442 312 Charge transfer 
 

 

 

 

 

 

 

 

 

 



 

 

Fig.7. Electronic spectra of (a) L1 and (b) [Mn(L1)2(H2O)2].H2O complex. 

 

 

 

Fig.8. Electronic spectra of (a) L1 and (b) [Cu(L1)2(H2O)2].H2O complex. 

 

5.4 IR spectra and mode of bonding: 

The determination of the coordinated atoms was made on the basis of the 

comparison of the IR spectra of the ligands and those of complexes. Significant wave 

numbers are grouped in Table 3. The engagement of these ligands in the bonds with the 

metal center affects the vibrations of the bonds of the donor atoms (oxygen) with the 

neighboring atoms. In the large wavenumber domain 3400-3300 cm-1, a wide band appears 

attributed to the vibrations of the O-H bonds of hydration water molecules. The vibration 

of the bond (C = O1) of the furanone ring has shifted after complexation towards the large 

wavenumbers. This result indicates that the oxygen of the furanone ring is involved in the 



complexation. The IR spectra of the complexes are characterized by the disappearance of 

the vibration band of the O-H bond indicating the deprotonation of the ligand after 

complexation and the formation of the neutral complexes. Then, the oxygen atoms of the 

two ligands are engaged in the bond with the central metal, this is confirmed by the 

appearance of new bands of vibrations towards the low energies in the 455 and 411 cm-1 

domain due to the formation of metal-ligand bonds [58-59]. The theoretical IR spectra 

obtained at the DFT method for the copper and manganese complexes show a close 

resemblance to the corresponding experimental spectral bands. On the basis of the results 

obtained by spectroscopic investigations we suggest that the ligands are coordinated in 

both sites: deprotonated oxygen and carbonyl moiety leading to neutral complexes. The 

ligands coordination sites which are involved in bonding with the metal ions have been 

determined by careful comparison of the infrared absorption spectra of the complexes with 

those of the parent ligands. The main absorbance bands in experimental and calculated IR 

spectra and their vibrational assignments for four complexes are presented in Table 3. The 

experimental and theoretical IR spectra of selected [Mn(L1)2(H2O)2].H2O and 

[Cu(L2)2(H2O)2].H2O complexes  are illustrated in Fig.9 and Fig.10. These spectra were 

used to confirm the experimental assignments. 

Table 3: The main absorbance bands (cm-1) in experimental and calculated FT-IR spectra and their assignments 
for four complexes. 

 

Compound                     (OH)
a
           (OH)

b
             C=O str.  Pyrone-2             C=O             (M-O1)               (M-O2)  

L
1

 

[Mn(L1)2(H2O)2].H2O        3600       3434 (3641)       1752 (1743)       1780  (1743)     413  (439)       450 (457) 

[Cu(L1)2(H2O)2].H2O        3565        3360 (3226)       1760 (1790)     1783  (1621)      411 (437)         443 (464) 

L
2 

[Mn(L2)2(H2O)2].H2O       3554        3411(3267)      1742(1792)         1781 (1798)      422(438)           455 (468) 

[Cu(L2)2(H2O)2].H2O        3595       3370 (3173)      1751 (1637)        1785 (1787)      416 (412)         449 (463) 

a: H2O Hyd, b: H2O coord, (M-O1): oxygen of furanon ring, (M-O2): oxygen of deprotonated OH. 
The calculated values of main absorbance bands are indicated in parenthesis.  

 



 

Fig.9. Experimental and theoretical IR spectrums of [Mn (L1)2(H2O)2].H2O complex 

 

The experimental vibrational frequencies of hydroxyl water group (H2O of 

coordination) were found in the range 3434-3411 cm-1 3360-3370 cm-1 for manganese and 

copper complexes respectively for both L1 and L2 ligands. The calculated values are as 

follow: 3641 and 3267 cm-1 for manganese complex and 3226 and 3173 cm-1 for copper 

complexes (see table 3). A broad band of m(OH) group in the experimental IR spectra is 

observed at 3390 and 3480 cm-1 for both L1 and L2 free ligands. These band are absent in 

the spectra of manganese and copper complexes, suggesting the deprotonation of the L1 

and L2 ligands. The lack of this band in spectra of complexes proves a result of complex 

formation. This result was also discussed in the experimental IR investigation. The bands 

with medium intensity observed in the range 3200-3650 cm-1 of the manganese complexes 

are attributed to m(OH) of coordinated water. The experimental value of C=O (pyrone-2) 

absorption band is in the range 1748-1756 cm-1 for both free ligands.  

This vibration is shifted to the lower regions in the Mn complexes indicating the 

formation of a bond between the metal ion and the C=O group, while the theoretical values 

are established in the range 1743-1792 cm-1 as calculated by B3LYP method. In copper 

complexes, the C=O band absorption appears at 1760 and 1751 cm-1 respectively for 

[Cu(L1)2(H2O)2].H2O and [Cu(L2)2(H2O)2].H2O  and their corresponding calculated values 



are 1790 cm-1 and 1637 cm-1. Then, reasonable agreement between the theoretical and 

experimental results for M-O1 and M-O2 vibrations bands (as indicated in the same table) 

reflects well the suitability of DFT method for this type of study. Hence, this careful 

spectral investigation indicates that both ligands act as a bidentate anion and that the 

coordination is through the oxygen donor atoms of the carbonyl group and the charged 

oxygen resulting of deprotonated hydroxyl moiety. In general, the absorption frequencies 

obtained from IR experiment spectrum of the four synthesized organometallic complexes 

and theoretical calculations are in good agreement. 

 

 

Fig.10. Experimental and theoretical IR spectrums of [Cu (L2)2(H2O)2].H2O complex 

 

5.5 Electronic spin resonance (ESR):  

 5.5.1 Manganese complexes: 

 The ESR spectra of manganese (II) complexes in solid state at room temperature show a 

strong signal centered at g = 2 (Fig. 11), which is associated with I = 5/2 nuclear spin of 
55Mn. The resonance at this value is due to Mn(II) ions in an environment close to 

octahedral symmetry. These spectra confirm that they are high-spin Mn (II) complexes 

[50].  



 

Fig. 11. ESR powder spectra of (a) [Mn(L1)2(H2O)2].H2O and (b) [Mn(L2)2(H2O)2]. H2O 

 

 5.5.2  Copper complexes: 

The ESR spectra of the copper (II) complexes were recorded in solution in the 

DMSO at T = 115 K. The parameters g//, g⊥ and A// determined from the experimental 

spectra are grouped in Table 4. As the ⊥⊥⊥⊥  lines are not resolved A⊥⊥⊥⊥ has not been calculated. 

The hyperfine structure is well resolved for the four complexes (Fig.12). It consists of four 

hyperfine lines attributed to the interaction of the single electron with the Cu nucleus  

(I = 3/2). The values obtained for all the parameters show that the spectra of the two 

complexes have an axial symmetry with: g// > g⊥ > 2,0023, this order is typical of 

monomeric Cu (II) complexes and indicates that the single electron is located on the orbital 

dx2–y2 of the Cu (II) ion and confirmed an octahedral geometry [60-62]. To better define the 

nature of the links formed, several Bonding parameters α2 (covalent in-plane δ-bonding), 

β2 (covalent in plane π-bonding) and γ2 (covalent out of plane π -bonding) were evaluated 

using the following formulas: 
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Where λ 0 is the constant of spin orbit coupling, for copper (II): λ 0 = - 828 cm-1, //∆
 
and 

⊥∆ are the energies of the transitions 2B1g
2B2g and 2B1g

2Eg, 

respectively. 

 
Fig.12. ESR spectra of : (a) [Cu(L1)2(H2O)2].H2O and (b) [Cu(L2)2(H2O)2].H2O) in DMSO solution at 115 K. 

 

α2 and β2 respectively represent the metal-ligand bonding parameters σ and π in the plane 

and γ2 represents the bond π out of plane. The product values α2β2 and α2γ2 measure the 

covalence of the combined σ and π bonds. They range from 1.0 to 0.25; the first value 

corresponds to a 100% ionic character and the second to a 100% covalent character 

respectively [50, 63]. The values obtained for our complexes (see Table 4) show a greater 

covalent character for the metal-ligand bonds outside the plane. It has been noted that the 

α2β2 covalent character increases in the Cu-L2 < Cu-L1 order for the L1 and L2 ligands. 

This order correlates with the increase in the donor effect of the R substituent. 

 

Table 4: ESR data of the copper complexes. 

Complexes g// g⊥⊥⊥⊥ A //  

×10-4 cm-1 

αααα2ββββ2 αααα2
γ

2 K // K ⊥⊥⊥⊥ 

[Cu(L1)2(H2O)2].H2O 2.31 2.06 145 0.652 0.514 0.807 0.717 

[Cu(L2)2(H2O)2].H2O 2.33 2.06 150 0.760 0.622 0.871 0.788 

 

 



5.6 . Frontier orbital molecular and charge transfer: 

For further investigations, energies of HOMO and LUMO are popular quantum 

mechanical descriptors. It has been shown [64] that these orbitals play a major role in 

governing various chemical reactions, and are also responsible for charge transfer 

complexes. The treatment of the frontier molecular orbitals, separately from the other 

orbitals, is based on the general principles governing the nature of chemical reactions. The 

concept of hard and soft nucleophiles and electrophiles has been also directly related to the 

relative energies of the HOMO and LUMO orbitals. Soft nucleophiles have an elevated 

energy HOMO, hard nucleophiles have a small energy HOMO, soft electrophiles have a 

low energy LUMO and hard electrophiles have a high energy LUMO [65]. Thus, HOMO–

LUMO energy gap is an essential stability indicator [66]. The energies of the LUMO and 

HOMO for different partners are evaluated in Free State and for four complexes using DFT 

method.  

The distribution of charge density of the two frontier molecular orbitals for the free 

molecule ligands L1 and L2 are presented in Fig.13 and 14. As we can see, in the Free State 

the high density of the HOMO distribution is concentrated on pyranone ring group. The 

low and high electronic densities are distributed on the same group in the case of LUMO 

orbital [67]. The calculated values of HOMO and LUMO energies of the four complexes 

are also presented in the same Fig.13 and 14. The LUMO of [Cu(L1)2(H2O)2] complex is 

located on the both pyranone groupement thus the HOMO is located on phenylics moieties. 

In [Cu(L2)2(H2O)2]  the same shape of HOMO and LUMO are obtained.  

 

 

 

 

 



 

 

 
Fig.13. The HOMO, LUMO energy structures of isolated and complexed Ligand L1 in both 

complexes obtained by the DFT calculations. 
 

 

 

 

 



 

 

Fig. 14. The HOMO, LUMO energy structures of isolated and complexed Ligand L2 in both 
complexes obtained by the DFT calculations. 

 

 

 The values of the HOMO–LUMO energy gap , estimated for the copper and 

manganese complexes are equal to 3.06  eV, 2.99 eV , 2.94 eV and 3.02 eV respectively 

for [Cu(L1)2 (H2O)2], [Cu(L2)2 (H2O)2], [Mn(L1)2 (H2O)2] and [Mn(L2)2 (H2O)2] . HOMO–

LUMO turned out is 4.54 ev and 4.04 eV respectively for the L1 and L2 ligands which is 

greater than those of the four complexes. The decrease in the HOMO-LUMO energy gap 

after complexation explains the potential for charge transfer interactions taking place 

between both donor-acceptor partners, which may be responsible for the bioactivity of the 



consequential molecules [67, 68]. The target ligands exhibit an effective intermolecular 

charge transfer with metallic ions. Therefore, we can say that the complexation doesn’t 

affect dramatically the electronic properties of both ligands. In consequence, the greater the 

energy gap is, the higher the stability is.  

 

5.7 Analysis of molecular electrostatic potential: 

      The electrostatic potential that is created in the space around a molecule by its electrons 

and nuclei is a very useful property for analyzing and predicting molecular reactive 

behavior [69, 70]. The molecular electrostatic potential surface (MEP) gathers a lot of 

information as follow: molecules dipole moments, molecular shape, and the distribution of 

electrostatic potential. It provides an illustration method to understand the relative polarity 

of a molecule. The sites for electrophilic and nucleophilic attacks of the molecules can be 

determined with the help of the molecular electrostatic potential. The different values of 

the electrostatic potential at the surface are represented by different colors. The MEP color 

scheme reflects the electron-rich and electron-poor areas, the meaning is: the blue color 

corresponds to the electron deficient or partially positive charge, the red color corresponds 

to the rich sites in electrons and both intermediate colors: yellow and light blue are 

respectively corresponding to the slightly electron loaded region and slightly electron poor 

region. 

 

Fig.15. The total electron density surface of free L1 ligand 

 



The SCF (Self Consistent Field) of surface electron density traced with MEP of the 

compound is shown in Figure 15. The total electron density varies between two extreme 

limits: -8.158.10-2a.u to +8.158.10-2 a.u. As can be seen from the Molecular electrostatic 

potential map of the free ligand, the negative regions are mainly localized on the oxygen 

atoms, O16, O21 and O18 atoms where the corresponding electron densities are 

respectively: -5.007.10-2 a.u, -7.06.10-2 a.u, and -7.15.10-2a.u and slight electron rich region 

for Ol9 is -2,50 .10-2 a.u. As well the most electron deficient region is around phenilic 

group and the slightly electron efficient region is around methylic group where the electron 

density is +3.36.10-2 a.u. Then, the electron density reveals the polarity of the molecule. 

The MEP clearly indicates the electron poor region of the ligand. In parallel, fig.16 shows 

the total electronic density of [Cu(L1)2(H2O)2] complex (selected). The limit values are 

between -6.817.10-2 a.u and +6.817.10-2 a.u. As can be seen, the electron rich regions are 

located in carbonyl groups and electron poor regions in phenilic and methylic groups.  

 

 
Fig.16. The total electron density surface of [Cu(L1)2(H2O)2] complex. 

 

 

 

 



5.8  Electronic spectra : TD-DFT calculations  

Electronic structures are fundamental for the interpretation and understanding of the 

absorption spectra [46]. The UV-vis absorption spectra were calculated on optimized 

geometries. Then, TD-DFT calculation on the four complexes in DMSO as selected 

solvent have been carried out using UB3LYP/LanL2DZ level of DFT method. The 

Comparison of the theoretical λmax of complexes with the experimental wavelength λmax 

values is presented in Table 5. The oscillator strength (f) which is a dimensionless quantity 

was used to express the transition probability of the Charge Transfer band. The 

oscillators’s strengths of the observed transitions in copper (II) complexes are small. This 

obtained result is a characteristic of spin allowed and symmetry forbidden d–d transitions 

[57]. We can also notice that there is a reasonable agreement between the experimental and 

calculated values of λmax. The experimental and calculated results of UV–vis spectral data 

were compared in Table 3. 

 

Table 5:  Wavelengths λmax, oscillators strengths (f) and main electronic transitions of the studied complexes. 
 

Complexes                         λexp (nm)                λcal (nm)                   f                        main electronic transition  

[Mn(L 1)2(H2O)2]              472                         507                     0.0432                           Charge transfer 
                                     
[Mn(L 2)2(H2O)2]              442                         478                     0.0269                           Charge transfer 
 
[Cu(L 1)2(H2O)2]              712                         675                     0.0017                         d-d electronic transition 
                                          678                        602                     0.0004                         d-d electronic transition 
 
[Cu(L 2)2(H2O)2]               651                         691                    0.0006                        d-d electronic transition 
                                          560                         597                    0.0008                        d-d electronic transition 
 

 

The theoretical results have shown that TD-DFT calculations, with a hybrid B3LYP 

functional in conjunction with CPCM of solvation together with a LanL2DZ basis set, was 

clearly able to predict the excitation energy and the absorption spectrum of the studied 

molecules. From figures 17 and 18 (for the selected Mn complexes), and taking into 

account the maximum absorbance positions, the simulated spectrums of the two selected 

complexes showed a good agreement with the experimental results. 



 

Fig.17. UV-vis spectra of [Mn(L1)2(H2O)2]  ; (b) experimental; (a) TD-DFT spectrum. 

 

Fig.18. UV-vis spectra of [Mn(L2)2(H2O)2]  ; (b) experimental; (a) TD-DFT spectrum. 

 

6. Antibacterial and antifungal activities (in vitro): 
 

The antimicrobial activity of ligands and their metal complexes has been studied in 

vitro against fungi and pathogenic bacteria in DMSO. We performed these tests by the disk 

diffusion method; the results are given in Figs. 19 and 20. It is of note that for the activity 

of both standard references with the selected bacteria, the diameters of the inhibition zones 

(measured in millimeter at 24 hours) of Echerichia coli and Klebsiella pneumoniae 

bacteria with cefotaxime are respectively: 35 mm and 20 mm, and that of Staphylococcus 

aureus and group D Streptococcus with gentamicine is 40 mm. Compared with the 

standards data, the tests reveal that the newly prepared ligands and their metal complexes 



showed an interesting effect against most microorganisms. However, the antimicrobial 

screening data show that L1 and L2 ligands are more active against Gram-positive bacteria 

than Gram-negative bacteria.  

The high resistance of gram (-) bacteria is related to the complexity of the cell wall 

of these microorganisms which contains a double membrane, unlike the simple membrane 

structure of gram (+) bacteria [71]. The manganese complex (MnL1) has shown excellent 

antibacterial activity against gram-positive bacteria (Staphylococcus aureus, group D 

Streptococcus) and gram-negative bacteria (Klebsiella pneumaniae) and moderate activity 

against Gram-negative bacteria (Echerichia coli). 

The copper complex with the ligand L1 (CuL1) showed an important activity than 

that of the ligand L1 namely an excellent antibacterial activity against gram-positive 

bacteria (Staphylococcus aureus, group D Streptococcus) and a moderate activity against 

bacteria (Echerichia coli, Klebsiella pneumaniae) to Gram negative. The interesting 

activity of copper and manganese complexes can be explained by the theory of chelation 

[50, 72]. The Chelation reduces the polarity of the central metal atom due to the partial 

sharing of its positive charge with the ligand, which promotes the penetration of the 

complexes by the lipid layer of the cell membrane [73-76].  

The copper and manganese complexes with the L2 ligand exhibit activity relative to 

that of ligand L2 with respect to the bacteria tested. It should be noted that the MnL2 and 

CuL2 complexes have a good antibacterial activity particular to the bacterium group D 

Streptococcus. In general, the copper and manganese complexes derived from the L1 ligand 

are more active than the L2 ligand complexes. In addition, the activity studies indicated that 

MnL1 complex exhibited activity better than standard antibiotic Cefotaxime 

against Klebsiella pneumaniae. This is well justified by its diameter of the inhibition zones 

which reached 36 mm. These results indicate that the type of substitution in the benzoic 

ring has a significant influence on antibacterial activities. This antimicrobial behavior is 

related to the electronic effect of the substituents [77]. 

 



 

Fig. 19. Comparison of antibacterial activity of compounds. 

 

The disk diffusion method also allowed us to determine the antifungal power of the 

two ligands and the four complexes with respect to Candida albicans and Candida 

tropicalis. In these tests, the diameters of the inhibition zones of ketokonazole used as 

standard reference for Candida albicans and for Candida tropicalis are respectively 33mm 

and 35 mm (see figure 20). Based on standard values, we find that the ligands and their 

metallic complexes exhibit excellent antifungal activity against candidas previously 

mentioned and were more potent than ketokonazole. In parallel, the synthesized 

coordination complexes showed a clear improvement of the antifungal tests in comparison 

with those of the free ligands.  

Therefore, it is clear from Figure 20 that the four complexes are very active against 

both selected candidas (a value of 40 mm for the four complexes). This indicates that the 

chelation in the case of manganese and copper complexes increases the lipophilic nature of 

the nucleus. However, the results relating to the measurement of inhibition diameters of 

mycelial growth show that the tested ligands and their complexes have a high antifungal 

power. 

 



 

Fig. 20. Comparison of antifungal activity of compounds. 

In conclusion, the obtained biological tests indicated that the new synthesized ligands 

and their four complexes exhibited a broad spectrum of activity against the tested bacteria 

and fungi strains and these encouraging results allow us to pave the way for more 

advanced biological tests (anti inflammatory, oncostatic…..). 
 

7. Conclusion: 

The synthesis and characterization of new copper (II) and manganese (II) complexes with two new 

furopyran-3, 4-dione  ligands are reported. The UV–Vis electronic absorption and IR spectral data 

of the four synthesized complexes have been compared with the results obtained by theoretical 

calculations, the results of these calculations showed a good agreement with the experimental 

results. The ESR spectral data of the copper complexes indicate that the complexes have axial 

symmetry, which also confirms the oxidation states of the metal ions. The different 

characterizations allowed assigning coordination six for the obtained complexes. Elemental 

analysis revealed the geometry of these complexes whose general formula is [M (L) 2 (H2O)2] 

.nH2O. The calculated geometric parameters confirmed the distorted octahedral geometry of the 

studied complexes. Antibacterial and antifungal activities of ligands and their   Cu (II) and Mn (II) 

complexes were evaluated in vitro against different antibacterial and antifungal strains.  

The antifungal activity of ligands and their metal complexes gave interesting result. The 

chelates and the ligands are found to have an excellent antifungal activity against Candida 

albicans and Candida tropicalis. This finding indicated to very promising candidates as 

antimicrobial new products because they will almost certainly be 

important in the development of beneficial new drugs. 
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Highlights 
 
The Highlights of research are as follows: 
 
 

1- Four new metal complex derivatives of two new ligands 2-(hydroxy(phenyl)-6-

methyl-2H-furo[3,2-c]pyran-3,4-dione (L1) and 2-(hydroxyl (2-hydroxyphenyl) -6-

methyl-2H-furo[3,2-c]pyran-3,4-dione (L2) with the metal ions Mn(II) and Cu(II) have 

been successfully prepared. 

 

2- The complexes obtained are investigated by: FT-IR, UV-vis, ESR and magnetic 

measurements. 

 

3- Theoretical calculations invoking geometry optimization and molecular orbital 
description HOMO and LUMO are done using DFT/LAN2DZ density functional 
theory. 
 

4- The antimicrobial activity of the ligands and their complexes was evaluated in vitro 
against different bacteria and fungi. 


